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LETTER OF TRANSMITTAL. 


U. S. DEPARTMENT OF AGRICULTURE, 
BuREAU OF ENTOMOLOGY, 
Washington, D. C., July 26, 1904. 
Str: I have the honor to transmit herewith for publication an 
account of the habits of the so-called kelep, or Guatemalan cotton- 
boll-weevil ant, prepared by Mr. O. F. Cook, and submitted, to this 
Bureau by the Chief of the Bureau of Plant Industry for the reasons 
given in the subjoined letter. The desirability of publishing these 
facts at once is obvious, in spite of the fact that the ant has not as yet 
been classified. ‘The establishment of the colonies under proper super- 
vision in Texas is now going on, and a careful, systematic, and bio- 
logic study will be made by Mr. Cook with a corps of expert assistants. 
The full life history and systematic relationships of the ant will be 
treated in a later publication. 3 ; 
I recommend the publication of this paper as Bulletin No. 49, of 
this Bureau. 
Respectfully, L. O. Howarp, 
Entomologist. 
Hon. JAMES WILSON, | 
Secretary of Agriculture. 


Unirep States DEPARTMENT OF AGRICULTURE, 
Bureau oF PLiant Inpustry, OFFICE OF CHIEF OF BUREAU, 
TA Washington, D. C. July 26, 1904. 

Dear Srr: On May 27 last there was published in Report No. 78 from the Secre- 
tary’s office an article by Mr. O. F. Cook, of this Bureau, on ‘‘An Enemy of the 
Cotton Boll Weevil.” Since this publication the enemy of the weevil discovered by 
Mr. Cook, namely, an ant from Guatemala, has been introduced into Texas. Mr. 
Cook, in cooperation with the officers of your Bureau, is now making special studies 
of the ant in Texas, and has submitted a further statement upon its habits. Popular 
interest in the ant has resulted in the circulation of many fanciful statements, some 
of which have aroused doubts regarding the desirability of introducing it into the 
United States. So widespread is the demand for further information upon the ant 
that the publication of some of the pertinent facts regarding its habits would seem 
to be in order. In view of the fact that arrangements are now being made for all 
~ future work on the ant to be carried on under the direction of the Bureau of Ento- 
mology, I would respectfully suggest the immediate publication of the accompanying 
manuscript of Mr. Cook as a bulletin from your Bureau. 

Respectfully, B. T. GALLOWAY, 
Chief of Bureau. 
Dr. L. O. Howarpn, 
Chief Bureau of Entomology. 


HABITS OF THE KELEP, OR GUATEMALAN GOTTON- 
BOLL-WEEVIL ANT. if 


The kelep“ was discovered on the cotton April 20, 1904, in Alta 
Vera Paz, Guatemala, and its efficiency as a destroyer of the Mexican 
cotton boll weevil (Anthonomus grandis Boh.) was demonstrated the 
following day. It was immediately appreciated, of course, that such » 
an insect would be of value in Texas, providing that it could be colo- 
nized and would thrive in that State, and that it had no noxious habits. 
To the solution of these questions all subsequent study of the species 
has been directed. 

Immediate practical use was also made of these observations of | 

habits and life history. The ant has been brought to Texas in healthy, 
vigorous condition, notwithstanding injunction proceedings and other 
unavoidable delays, which lengthened the period of travel and cap- 
tivity to more than a month. Of about 4,000 ants, in 89 colonies, 
scarcely more than a dozen died during the voyage, and half of these 
were in a single colony which was for a time deprived of a queen. 
The loss, too, was made good many times over by the emergence dur- 
ing the voyage of numerous ants from pupe which had been collected 
and placed in the cages with the mature insects. 

While the adult worker ants expose themselves freely to dry air and 
sunlight, the chief factor in the successful transportation of the colonies 
has been the maintenance of adequate moisture in the cages by means 
of artificial nests constructed of earth and stones, carefully built in to 
form underground chambers not to be shaken down by the jarring 
unavoidable in steamboat and railroad travel. It was fortunate, 
perhaps, that the weevil ant was quite unknown when we left the 
United States, for our outfit included nothing in the way of bell jars, 
glass plates, and other laboratory appliances recommended by Lubbock 
and other investigators of ants. Much time might have been wasted 
with these complicated contrivances which would at best have been 
far less suited to our purposes than the very simple means to which 
necessity compelled a resort. For this ant, at least, the stone and 


«This is the name of the cotton-protecting ant in the Kekchi language of Alta Vera 
Paz, Guatemala. The word has no other meaning or derivation, but appears to have 
come down from ancient times, when a higher agricultural civilization existed in this 
region than that found by the Spaniards. The accent is on the second syllable, and 
the first sounds as though written kay. ; 
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earth nests built at the bottom of glass jars, with the lower half pro- 
tected from the light by closely wrapped thick paper, and closed above 
by a piece of cloth, leave little to be desired. Many of the colonies 
adopted the artificial nests without change, or have even carried out 
the few particles of earth which accidentally fell in while the chambers — 
were being constructed for them. Others have brought in earth and 
remodeled their apartments and are now living in chambers of practi- 
cally the same size and shape as in their own nests. They have ceased 
to be disturbed by the occasional removal of the paper cup from the ~ 
bottom of their cage, and all the operations of the colonies can be 
observed under conditions altogether favorable. 

It is not intended, however, to enter at this time upon detailed 
accounts of the interesting domestic behavior of the ants, but rather 
to give what might be called a biological outline of their activities, 
from which it may be possible to understand something of their place 
in nature and of their probable utility in agriculture. 

One of several minor agricultural virtues of these ants lies in the 
fact that they dig no large chambers or passages which can serve as 
pitfalls for men or farm animals, as do many other kinds, including 
the leaf-cutting ant of southern Texas, which the cotton planters are 
attempting to exterminate at much expense. The nest of the kelep is 
a simple burrow, extending from 1 to 3 feet into the ground, and con- 
sists of from three to six small chambers, with connecting galleries. 
The passageways are about a quarter of an inch in diameter and the 
chambers from 1 to 3 inches broad and half or three-fourths of an inch 
high, with level or slightly sloping floors and broadly arched roofs. 
The queen, with some of the eggs and younger larve, is generally to 
be found in the lowest chamber, but the pupze in their cocoons are 
usually near the top and the remainder of the smaller larve and eggs 
lower down. In addition to the chambers inhabited by the ants there 
are in each nest one or more cavities for the storage of the hard parts— 
the bones, as it were—of the insects which the colony has captured 
and eaten. Heads, legs, wings, and other fragments of insects of - 
many kinds, including the boll weevil, are here packed indiscrimi- 
nately together. The mass is often penetrated by a network of deli- 
cate roots, and is the home of several small animals which commonly 
find shelter in the nests of the keleps: a snail, a worm, a mite, a Pod- 
urid, and a thysanuran. A hymenopterous insect was also obtained, 
which is probably a parasite of the ants. 

The habit of preserving this useless débris is rendered the more 
curious by the fact that dead ants seem not to be included in the col- 
lection, but are carried out of the nest, as is the general custom 
among bees and other related insects. It was thought at one time 
that some of the captive colonies were resorting to cannibalism, since 
some dead ants were found pulled in pieces like the insects which had 
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been eaten, but this may have resulted from the prolonged efforts of 
the living ants to carry the dead out of the nésts. When the insects 
were being liberated at Victoria after a month of captivity, almost 
the first thing they did was to bring out their dead ants and carry 
them as far from their nests as the boundaries of their inclosures 
-would permit. 

The extremely slight mortality of the ants during the journey is an 
evidence, certainly, of considerable hardiness. The unexpectedly 
good result was probably due also, in a measure, to the fact that the 
insects were transported during the rainy season when the atmos- 
pheric humidity was high and the soil in the cages did not dry out 
rapidly. The margin of safety is evidently a rather narrow one. If the 
soil is too wet the insects forsake their chambers and crowd together 
at the surface. When this was noticed the cloth covers were removed 
to give more air and permit more rapid evaporation. Too great dry- 
ness, however, is a much more serious danger. Unless the color of 
the soil be carefully watched the first intimation of difficulty is likely 
to come in the form of dead ants. The danger could be lessened, of 
course, by increasing the quantity of soil in the cages, but this would 
have the disadvantage of additional bulk and weight, important con- 
siderations where transportation is so difficult as in Guatemala. 

It seemed possible when the first report was sent in, that the very 
limited distribution of the ants might be due to some inability on 
their part to dig in other than the very loose shale soil which covers 
the particular slopes specially preferred by the insects, according to 
the belief of the Indians. Later, however, the ants were found in 
somewhat different situations, and even on level bottom lands, though 
such are very rare in that part of Guatemala. Considerable diver- 
sity of soil was also revealed during the excavations made in cap- 
turing the colonies brought to the United States. Furthermore, 
another way was found of explaining why the ants have so limited 
a range. It is only on these very loose soils that weeds can be 
pulled easily, and hence it is only these which can be cleared without 
burning. A nearly continuous cultivation can be maintained, which 
is very exceptional under Indian methods of agriculture. The cotton 
is planted, too, during the latter half of October—a very rainy period 
when burning is impracticable, so that the ants are not destroyed, as 
must happen in the clearing of land for corn, beans, and other crops. 
If these considerations have the supposed bearing, it is not impossi- 
_ ble that in the United States, where the land is cultivated more con- 
tinuously, the ants may multiply and extend their boundaries much 
more rapidly than they have been able to do in Guatemala. 

Every practicable effort was made in Guatemala to find the ants in 
other localities more accessible than the remote and mountainous dis- 
trict where they were first discovered and from which the caged insects 
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had to be brought out by Indian carriers. None of the keleps were 
found, however, in other parts of the country, and the probability of 
their existence elsewhere seems small] in view of the fact that no other 
field cultures of cotton exist in the neighboring regions, although the 


natural conditions are generally favorable and many attempts have been © 
made, some ona very large scale. In a few instances a satisfactory — 


crop was obtained the first year before the weevils had time to multi- 
ply, and expectations were aroused which only deepened the subse- 
quent disappointment. One very small field of cotton in the Polochie 
Valley, below Tucuru, was said to be 4 miles from any other plants, 
but the weevils had found it before the crop ripened. There are 
rumors of the existence, in Mexico, of tree cottons which are resistant 
to the boll weevil, but in Guatemala these suffer quite as much as the 


smaller kinds. Large trees often failed to furnish a single uninjured — 


boll as a specimen for our collection of varieties. The wish to find 
the protecting insects nearer home has been echoed by many news- 
paper accounts claiming the existence of the same or similarly useful 
ants in various parts of Texas, but thus far none of these reports has 
i oved to be based on fact. The kelep is as yet the only ant known 

attack and destroy healthy adult boll weevils, just as the cotton 
. with the protection of the ants is, so far as known, the only 
field culture permanently maintained in the weevil-infested regions of 
Central America. 

It was feared at first that the keleps would not be able to excavate 
nests in other than very loose and granular soils, and particularly that 
they might fail to penetrate hard and tenacious subsoils like those 
which underlie some of the cotton fields about Victoria. It seems, how- 
ever, that these offer no special difficulties for the ants. Some of the 
buried colonies are bringing up earth from a depth of about 18 inches, 


and in experimental nests constructed of the tough Texas soil the ants — 


have given ocular demonstration of their power to dig out passage- 
ways. The nest of a colony which has been in the ground at Victoria 
for a week shows, on being dug out, a nearly vertical gallery, with a 
depth of 14 inches, and the usual lateral chambers. Whether the ants 
will survive the floods to which many of the level cotton lands of 


Texas are subject, is one of the questions still to be answered. In — 


Guatemala they are accustomed to very heavy rains which thoroughly 
saturate the soil, but the drainage is excellent. Possibly, however, 
the impervious nature of some of the Texas subsoils may afford pro- 
tection by holding air in the nests. 

Another equally practical question is frequently asked by planters 
who cal] to see the ants. Will not plowing and cultivation destroy 
the nests and drive the insects from the cotton fields? As they 
burrow to a depth of from 1 to 3 feet, the shallow plowing cus- 
tomary in Texas will cut off only the passage leading to the surface, 
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and this the ants will undoubtedly be able to renew in a few hours. 
No injury need be anticipated on this score, except the loss of the few 
individuals actually stepped on and crushed. Where the surface soil 
is loose the ants are careful to start their nests against some rigid 
object, often at the base of the cotton plant itself, and follow the 
root down 2 or 3 inches where a more moist and an material can be 
reached. The frequency with which this occurred in Guatemala may 
indicate that the ants transfer their nests to the vicinity of the cotton 
after it has begun to grow. There was no indication that the making 
of the burrows injured the plants, but, if anything, the reverse; at 
least the largest ant colonies were dug out where the cotton had flour- 
ished best. General reasoning would also suggest that the shght open- 
ing of the soil about the plant would be as likely to benefit as to injure 
it. Nothing was found to indicate that the roots of the cotton or any 
other plant are attacked by the ants. They may gnaw off a small root 
_ which interferes with their operations, but they disturb the soil so little 
that such damage must certainly be extremely slight and in complete 
contrast to the extensive injuries often done by the large red ants 
(Pogonomyrmex barbatus) native in Texas, which permit nothing to 
grow within an area of several square yards surrounding the entrance 
of their nest. : 

Like the human inhabitants of tropical countries, the ants have the 
habit of taking a siesta. When the weather is clear and hot. they are 
much less numerous upon the cotton plants in the middle of the day 
than in the morning or evening, and in the longer days and drier 
climate of Victoria a tendency to lengthen this period of retirement 
to the underground nest is already evident. That the strong sanlight 
and heat are distasteful to the ants is easily proved by alternately 
shading and exposing the entrance of the nest. The ants appear 
promptly when there is shade and seek their subterranean shelter 
when it is withdrawn. The fact that the ants are thus quiescent in 
_ the middle of the day when, according to Messrs. Hunter and Hinds, 
most of the weevil injuries are inflicted, might seem to interfere with 
their utility. But apart from the poetic justice of having the weevil 
caught in the act of damaging the cotton, all pur poses would be served 
as well or better if it were disposed of in the evening or the morning 
before. It seemed in Guatemala that the weevils, as well as the ants, 
were more numerous in the earlier and later hours of the day; ee 
they were easier to find. In rainy or cloudy weather more ants remain 
on the cotton during the day. 

The cotton which they protect in Guatemala is an annual variety. 
The crop is harvested in May and the old plants pulled up to make 
room for the development of peppers, which it is customary to plant 
among the cotton, to ripen somewhat later. The ants very rarely 
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climb the pepper plants, but weevils were in a few instances found 
roosting upon them—a safer place, apparently, than upon the cotton. 

While most ant colonies have only one queen, several were found 
with larger numbers, usually two or three, but in one case six and in 
another fifteen. Queens occasionally retain one or both of their wings, 
and when the colony with the fifteen queens was captured several of 
them had wings, which were lost later. It was thought that these — 
queens might be young and unfertilized, but large numbers of eggs 
have been laid and these are now hatching. If the queens were unfer- 
tilized the eggs will doubtless, to judge from the analogy of bees and 
other ants, produce males, which may be very desirable if it should 
prove possible to breed the insects in captivity. 

The queen does not have a special chamber, but walks about among 
the workers. She was usually found in the lowest chamber of the 
nest, with eggs and young larve, and nearest to the “bone yard,” 
but if the lower chambers of the nest were opened first by digging in 
from the side, she sometimes took refuge in the upper rooms or per- 
haps escaped into the open air. In several of the nests no queens 
were found. In the cages the queens usually remain constantly in the 
lowest chambers and are fed by the workers. Some queens seem, 
however, to have more of the instincts of workers, and one or two 
regularly come to the surface to feed with them. In one instance a 
worker was seen carrying a queen about the nest. She had been 
seized by the jaws and her body was waving in the air over the 
worker’s back. It was feared at first that she was dead, but on being 
released her actions were normal. 

At Victoria some of the colonies were released by placing aes jar on 
the ground and inserting a bent cotton stalk on which the insects could 
climb out. They immediately began digging a burrow at the base of 
the adjacent cotton plant, and in the course of two hours the workers 
were ready for the queen and a delegation of two or three of them 
brought her out. She returned several times to the underground 
chambers of the cage, but was finally aroused sufficiently to follow 
along the cotton stalk and out of the jar. The eggs and larve had 
already been removed. One of the queens did not go directly into 
the ground, but climbed the cotton plant and remained there about an 
hour, in spite of many visits from workers who caressed her with their 
antenne as though to coax her to come down. In some instances the 
queen remained longer in the old nest and was not transferred till 
night, when the colonies seem to be quite as active as in the daytime, 
perhaps more so. On another occasion the queen was carried bodily 
into the new nest by a worker who seized her by the mandibles, as 
mentioned above. 

The very strong homing instinct of the ants would have made it 

safe to release them in ae plantations for study, even if their other 
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habits had been less known. Instead of scattering or becoming bewil- 
dered under the strange conditions they act from the first as though 
they were thoroughly familiar with their surroundings. Many colo- 
nies have been tested on a table isolated below by water. The insects 
were allowed to climb out of their cages by means of a ladder consist- 
ing of a cotton leaf with the stem bent back. There was no hesitation 
or preliminary exploration. The ants filed out at once and spread 
themselves over the table. Weevils were often caught, stung, and 
carried back to the cage within a minute or two after the Se of 
the ants from their captivity. 

All observations continue to confirm the previous report, that this 
ant is a truly predaceous insect. Compared with the nervous haste 
of many other species, its motions are slow and deliberate, and, like 
the so-called praying mantis, it stands for long periods quite motion- 
less, with its antennee and mandibles extended, ready for something 
to come that way and be caught. It seldoms attacks weevils or other 
insects unless they are in motion and a weevil is generally safe as long 
as it keeps quite still. The ant’s field of vision seems limited to less 
than an inch. This, however, is adequate for practical purposes, since 
the most convenient time for catching the weevil is when it is climbing 
up the plant. In Guatemala a weevil placed on a leaf stem so as to 
walk up and meet an ant was almost sure to be taken. In that coun- 
try, however, weevils are seldom or never seen crawling about on the 
cotton, perhaps because the ants have discouraged this habit; but Mr. 
Hunter informs me that in Texas the weevils frequently reach the 
bolls by climbing up from the ground, and that they usually pass 
along the stems from one square or boll to another, so that the oppor- 
tunities of the ants are excellent. 

That the ants know how to sting the weevils at the only two points 
where their armor is vulnerable shows, of course, a highly specialized 
instinct, and it is altogether likely that all individuals do not possess 
it in an equal degree. Some colonies, too, attack the weevils much 
more promptly and skillfully than others. As might naturally be 
expected, hunger increases the eagerness and adroitness of the insects, 
and it seems, too, that the members of the large colonies show*more 
ferocity than those of the small, as is known to be the case with the 
honey bee and many other social animals. The imported colonies 
- contain from twenty to one hundred and ten workers each, averaging 
between forty and fifty. It may be that the smaller communities and 
their queens would survive in captivity as long or longer than the - 
larger colonies, but if it should appear that they are less able to forage 
successfully the desired increase in numbers may be much slower, so 
that the use of larger cages and the bringing of larger colonies may 
prove desirable, should further importations of the ants be made. 
The rate of propagation of the keleps is likely to prove much slower 
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than that of the weevils, but the ants are such long-lived insects that 
the, may be expected to overtake the weevils under favorable con- 
ditions. An ant queen has been known to live for fifteen years and a 
worker for six years. : 

The fact that the ants attack, paralyze, and destroy the weevils has 
been assumed frequently to mean that a battle takes place between the 
insects, and pictures of such imaginary encounters have appeared in 
the newspapers. As a matter of fact, however, the weevil has no 
means of defense except its armor and is quite at the mercy of any 
ant strong and skillful enough to sting it.. Even this stinging is not 
always necessary, some weevils being carried into the nest without 
being stung, and perhaps while still feigning death to avoid discovery. 
The ants are strong enough to pull the weevils in pieces, but the pre- 
liminary sting facilitates matters by preventing any further efforts at 
escape. It is a well-known fact that insects and spiders which have 
been stung and paralyzed by predaceous wasps as food for their young 
will keep for considerable periods. The ants may utilize this means 
of storing food when there is an overabundance; a colony fed for the 
last three days exclusively on weevils kills more than it consumes, and 
piles up the victims. 

The fact that the ant uses its sting in capturing its prey has led 
some to confuse it with the stinging ants which are serious pests in 
some tropical countries. Some of these inflict painful injuries and are 
‘much feared. There is, for example, an ant which makes nests among 
the leaves of the coffee trees in Liberia, rendering it quite impracticable 
to gather the crop until the insects are dislodged by fire. The kelep 
does not belong, however, to any such category. It is a predaceous 
or hunting ant which very seldom stings except to paralyze its prey 
and thus render the game easier to capture and carry off; but at other 
times it has no inclination to sting and does so only when actually 
seized cr injured. The sting, however, is too small and weak to pene- 
trate the skin of the inside of the hand, so that the insects can be picked 
up with entire Su Scale If accidentally squeezed between the fingers 
or caught under one’s collar, a kelep may be able to sting, but the 
wound smarts, in most people, for only a few minutes, and is on the 
whole a less formidable injury than a mosquito bite, since the irritation 
is less prolonged. 

It should be a sufficient testimony to the peaceable temper of the 
ants to state that in opening about 100 nests and collecting some 4,000 
ants Mr. Doyle and I were stung only about half.a dozen times, and 
that with no care or precautions. A majority of the ants were picked 
up with the bare hands while the disturbed insects crawled at liberty 
over us. Under such circumstances a stinging ant would attempt 
to wound any foreign object which came in its way, but the keleps 
have apparently no tendency to defend their nest in this manner. 
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They are not afraid to climb upon the hand if one stands still, but they 
appear to do this out of curiosity, and not to fight; and, as already 
stated, they never attempt to sting human beings unless actually held 
or injured. The fear that they may interfere with the cultivation 
of the cotton or with the harvesting of the crop is entirely ground- 
less. It would be much more nearly correct to compare them with a 
harmless insect-eating animal like the toad than with the vegetable- 
feeding, stinging ants, like the large red ant so common about Victoria. 
This latter species has a vicious temper, seeks actively to sting the 
intruder, and is able to inflict a serious, painful wound, accompanied 
by nausea, headache, fever, and even temporary paralysis. Fortu- 
nately, the cotton ant is able, by its superior dexterity, to defend 
itself, and is always victorious in a struggle with the harmful Texan 
species, the extermination of which would be almost as welcome at 
Victoria as the destruction of the boll weevil itself. 

The Indians believe that the keleps are able to combat also the 
dreaded teken or leaf-cutting ants which are as serious pests in Guate- 
mala as in southern Texas. It is scarcely to be supposed, perhaps, 
that they can drive out well-established communities of the leaf-cutters, 
but they may prevent the growth of new colonies by killing the 
workers as fast as they appear above ground. At least there are no 
nests of leaf-cutters in the areas occupied by the keleps. 

The fact that the ants were fed on sugar during the journey from 
Guatemala to Texas has suggested to some planters that the insects 
-may escape from the cotton plants and attack cane. This apprehen- 
sion is also quite unnecessary. The moistened sugar was used merely 
as the most readily obtainable substitute for the nectar secreted for 
the ants by the cotton plant. The ant’s jaws are especially adapted 
for catching the weevils or other insects, but are quite unsuited for 
enawing into sugar cane or other vegetable tissues. They are too 
long, blunt, and weak to be effective for biting, and are used only for 
seizing, carrying, and pulling apart their prey. They do not crush 
nor chew their food, and are apparently unable to eat anything except 
liquids or substances soft enough to be lapped up, as it were, by their 
tongues. While the insects are feeding, their jaws are usually opened 
wide as though to get them out of the way. The strong front legs 
are used in much the same manner as the squirrel’s paws, to assist the 
jaws in grasping and turning the prey, though they serve also for 
walking. 

None of the numerous varieties of cotton growing at Victoria has 
nectaries equal in size to those of the Guatemalan cotton protected by 
the ants, but the quantity of liquid food available in fields of such 
varieties as King and Parker.may prove sufficient, the average size of 
cotton plants in Texas being much larger than in Guatemala. More 
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ants will be necessary, however, for their protection, and the nectar- 
producing qualities of the different varieties may become u question 
of practical importance if the keleps should become established. At 


present the nectar secreted on the leaves and ‘* squares” of the cotton. 


goes to waste, or even serves to attract injurious insects, among them 
the bollworm moth. The discovery of the ant supplies a practical 
reason for the existence of the nectaries, hitherto quite unsuspected, 
and it suggests the further possibility that the weevil and the ant may 


have been factors in the evolution of the cotton plant, for the weevil — 


is not known to feed on any plant except cotton. 

The former report alludes to the scarcity of insects in the cotton 
fields protected by the keleps, but it had not at that time been ascer- 
tained that these ants were a cause of the deficiency. The finding of 


the bone yards filled with the disjointed remains of their prey proves — 


that they capture and consume adult insects of many and diverse kinds, 

and at Victoria they have shown a taste for bollworms also and similar 
soft-bodied larve. Their appetites are not, however, without dis- 
crimination. They have spared, for example, the larvee of ladybirds, 
which are beneficial insects; also those of the small Thecla butterfly, 
which is sometimes injurious to cotton. The former are often picked 
up by the keleps but are put down again without injury, while the 
latter are fondled and licked with the tongue. The keleps sometimes 
visit plant-lice and leaf-hoppers to secure honeydew, but they have 
not been detected in taking care of these insects or in carrying them 
about, as do many other ants. This is the only suggestion of an unde- 
sirable propensity on the part of the keleps, but the danger, if any, is 
extremely remote—much less, indeed, than with many ants native In 
the United States. 


SUMMARY. 


The present status of the investigation of the boll-weevil ant may be 
summarized by .saying that three of five crucial questions have been 
met and answered, and that two others are still to be reached, but with 
no insurmountable obstacles as yet in sight. 

(1) An ant has been discovered in Guatemala which attacks and kills 
the adult boll weevil, and thus holds this most injurious insect in check 
and permits the regular harvesting of a crop of cotton, even under con- 
ditions favorable to the weevil. 

(2) This ant is carnivorous and predaceous; it injures no form of veg- 
etation, and takes nothing from the cotton plant except the nectar secreted 
for it on the leaves and floral envelopes. 

(3) The habits and temperament of the insect are such that it is readily 
capable of domestication, transportation, and colonization in the cotton 
fields of Texas. 
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The issues which remain to be determined are: 

(4) Whether the keleps will survive the winter climate of Texas; and, 

(5) Whether they can be obtained or propagated in sufficient numbers 
to serve the practical purpose for which they have been introduced. 

It would be most unfortunate, however, if the discovery of what may 
prove to be an effective enemy of the boll weevil should result in any 
premature relaxation of efforts to avoid damage by cultural expedients. 
Indeed, it seems quite possible that the first use of the ant may be to 
render such measures more effective, since while still limited to small 
areas the keleps may be able to perform an important service if they can 
still further reduce the number of weevils which survive the winter. If 
the cotton plants close about the nests of the ants were allowed to remain 
through the winter, the weevils would congregate upon them and thus 
furnish the food which the ants are likely to require on warm days of the 
colder months. 
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LETTER OF TRANSMITTAL. 


UNITED STATES DEPARTMENT OF AGRICULTURE, 
Burnau OF ENTOMOLOGY, 
Washington, D. C., February 6, 1905. 

Sir: I have the honor to transmit herewith for publication a full 
account of the bollworm, prepared under my direction by Messrs. 
A. L. Quaintance and C. T. Brues, special field agents of this Bureau. 
Mr. Quaintance has been engaged for two years in investigating the 
work of this very important and injurious insect, his work having 
been done mostly in the State of Texas. Mr. Brues assisted him for 
the larger part of the year 1904. The report is a very careful and 
complete account of the bollworm, which, although it has previously 
been written about by many entomologists, has never before received 
sucha full consideration, and I recommend its publication as Bulletin 
No. 50 of this Bureau. The illustrations submitted are an essential 
part of the report. 


Respectfully, 
| L. O. Howarp, 
Entomologist. 
Hon. JamEs WILSON, 
Secretary of Agriculture. 
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PREFACE. 


Until the advent of the Mexican cotton boll weevil the bollworm 
was easily the most serious of the numerous insect pests of the cotton 
plant. The coming of the weevil has in no way lesséned the destruc- 
tiveness of the bollworm, though its injuries have been overshadowed 
by the more serious depredations of the former species. 

The extent of bollworm ravages in recent years, notably in portions 
of Texas, was the occasion of an investigation supplementary to those 
previously made by the Bureau of Entomology. Under the provision 
of Congress for investigations concerning the cotton boll weevil, the 
senior author was detailed to the bollworm work in ‘Texas in March, 
1903. Headquarters were established at Victoria, where office and 
laboratory facilities were available in the building occupied by the 
force engaged in boll weevil investigations. 

During that year special attention was given to field work, though 
such laboratory investigations as were possible were conducted. The 
principal results of field work in 1903 have been reported in Farmers’ 
Bulletin No. 191 of this Department. 

By reason of an increased appropriation the hollwoew investigation 
was considerably enlarged in 1904. Headquarters were established at 
Paris, Tex., and a field laboratory was fitted up with necessary appa 
ratus for thorough life-history studies. Field experiments were also 
greatly extended, the area under experiment amounting to about 600 
acres. Three additional entomologists were employed in the work, 
and a fifth was engaged from July 1 to October 31. In addition to 
the authors, these were Messrs. F. C. Bishopp, A. A. Girault, and 
C. R. Jones. The senior author, under the direction of the Entomolo- 
gist, has been directly in charge of the investigation in the laboratory 
and field. Laboratory details were supervised by the junior author, 
assisted by Mr. Girault. Messrs. Bishopp and Jones were occupied 
in making field observations and with work connected with the several 
' experimental farms. Original observations by these gentlemen are 
credited to them in the pages of this bulletin. 

Thanks are due many citizens of Texas and of other States, both 
planters and business men, for courtesies extended during the course 
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of the investigation. The several gentlemen on whose plantations | 
the Department’s experimental farms have been located have greatly | 
facilitated the work by careful attention to instructions given as to the | 
growing of the crop. 

The principal results of field experiments in 1904 have been pub- 
lished in Farmers’ Bulletin No. 212 of this Department. ‘The present 
work deals more especially with results of laboratory investigations 
and other points of interest concerning the insect as a pest to cotton 
and other crops throughout its extended range. 
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THE COTTON BOLLWORM. | 


(Heliothis obsoleta Fabricius. ) 


CLASSIFICATION AND SYNONOMY. 


The adult of the bollworm is a moth belonging to the family Noc 
tuide, division Trifide. Sir G. F. Hampson, in his Catalogue of 
Lepidoptera Phalenze in the British Museum (1903), places the species 
in the subfamily Agrotine. Doctor Dyar, however, in his List of: 
North American Lepidoptera,’ follows Dr. J. B. Smith in assigning 
this species to the subfamily Noctuinee. 

The genus Heliothis was founded by Ochsenheimer in 1810 in his 
Schmetterlinge von Europa, while the species had been described in 
1793 by Fabricius in his Entomologia Systematica under the name 
Bombyx obsoleta. Hiibner in 1796 designated the insect in his Samm- 
lung EKuropiischer Schmetterlinge as Voctua armigera. Owing to its 
ereat variation in color and markings, Heléothis obsoleta has at various 
subsequent times been described as new, and it has therefore a some- 
what extended synonomy, as follows: 

Bombyx obsoleta Fab., Ent. Syst., 3, I, p. 456, 1793. 

Noctua armigera Hibn., Samm. Eur. Schmett., p. 370, 1796. 

Phalxna zea Boddie, Am. Cotton Planter, July (?) 1850. 

Heliothis pulverosa Walk., Brit. Mus. Cat., XI, p. 688, 1857. 

Heliothis conferta Walk., Brit. Mus. Cat., XI, p. 690, 1857. 

Thalpophila rubrescens Walk., Brit. Mus. Cat., XV, p. 1681, 1858. 
Heliothis uniformis Wiigrn., Wien. Ent. Monatsschr., IV, p. 171, 1860. 
Heliothis punctigera Wilgrn., Wien. Ent. Monatsschr., IV, p. 171, 1860. 
' Heliothis umbrosus Grote, Proc. Ent. Soc. Phila., I, p. 219, 1863. 


Heliothis succinea Moore, Proc. Zool. Soc. London, p. 443, 1881. _ 
Heliothis interjacens Grote, Bul. Brooklyn Ent. Soc., ILI, p. 30, 1882. 


The original description of Bombyx obsoleta by Fabricius? is as 
tollows:. | 


B. alis deflexis flavescentibus: macula media strigaque postica obsoleta obscurioribus. 
Habitat in Americe meridionalis Insulis Dom. Smidt. 


“Bul. 52, U. 8S. National Museum, p. 185, 1902. b Ent. Syst., 3,1, p. 456, 1793. 
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Media. Antenne simplices. Corpus flavescens. Ale flavescentes macula media, 
obscuriore, postice striga obsoleta punctis minutissimis fuscis notata. Margo posticus 
fuscescens. Posticee flavescentes margine postico, fusco.@ 


VARIETIES. 


Two varieties and a subvariety of the bollworm moth have been des- 
ignated from the United States; one variety from Hawaii, one from 
Europe, and one from Australia, with two subvarieties. With the 
forms occurring in the United States, at least,.there is almost every 
intergradation in color and markings, and it is doubtful if these may be 
referred to ina more definite way than as the more abundant types. 
Ina collection of 65 moths, bred during the present investigation from 
larve taken on corn, cotton, and other plants in Texas, 35 may be 

classed as variety De ee with some of them approaching Jusca, and 


30 as variety wmbrosa. The forms which have thus far been indi- 


cated are given in the table below, with their essential points of dif- 
ference, as taken from the Beitieh Museum Catalogue u ‘c.), and. 
Tutt’s British N poke and Their Varieties.’ 


HELIOTHIS OBSOLETA Fab. 
Table of varieties and subvarieties. 


(1) ochracea Ckll. Ordinary taw ny colored form a in oa Rept. U. 8S. Ent. 
Comm., 1885, pl. 3, fig. 7. 
(2) fusca Ckll. Dark brown (European). 


(3) umbrosa Grote. Usually rather large, paler, and more olivaceous than the Euro- 
pean type (Southern United States especially), the larva, the common boll- 


worm. 
(a) sub-var. ewmaculata Ckll. Stigmata margined with ferruginous (Colorado). 
(4) hawaiiensis, n. var. Fore-wing with prominent angled dark brown median band, 
diffused on outer side (Hawaii). 
(5) rubescens, hind-wings with-the ground color orange yellow (Australia). 
(a) Head, thorax, and fore-wing suffused with rufous. 
(b) Head, thorax, and fore-wing suffused with dark pink. 


COMMON NAMES. 


Owing to the fact that the bollworm attacks a great variety of plants, 
and to the further fact that it occurs in most parts of the civilized world, 
it has become known under numerous common names. 

In the United States it is very generally known under the nathe of 
bollworm. or corn-ear worm. In the States of the cotton belt the 
former name is very generally used in referring to this species, or it 1s 


aA bombyx, with wings deflexed and yellowish; with a middle spot and posterior 
obsolete streak, rather obscure. Habitat, islands of South America [West Indies ?]. 
Collector, Father Smith. Of medium size. The antenne simple. The body yellow- 
ish, with wings yellowish, with a more obscure middle spot. Posteriorly with an 
obsolete streak which is spotted with very small punctures. Hind margins brownish. 
Hind wings yellowish, with posterior margin fuscous [smoky?].—k. A. s. 

b British Nectuz and Their Varieties, III, p. 128, 1892. 
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simply designated the ‘‘ worm,” in distinction to the so-called ‘cater- 
pillar” or ‘‘army worm,” the larva of Alabama (Aletia) argillacea Hbn. 
In certain portions of the cotton belt, as southern Louisiana and Missis- 
sippi, the insect is commonly called the ‘‘ sharpshooter” or *‘ sharp- 
shooter-fly.” It should be stated in this connection that the name 
sharpshooter is properly applicable only to certain homopterous in- 
sects of the genus Homalodisca, especially Homalodisca triquetra Fab., 
a very different insect from the cotton bollworm. 

The almost universal injuries of the insect to corn have resulted in 
the use of three names for the bollworm, descriptive of the parts 
attacked. Thus, in the spring, when infesting the ‘‘ buds” of young 
_ field corn, it is known as the bud worm, and later, when the unfold- 
ing tassels are attacked, it is called the tassel worm. But the larva is 
most frequently met with infesting roasting ears and has thus become 
well known under the name of corn-ear worm. It has been desig- 
nated in Minnesota by Lugger as the sweet-corn moth. 

On tomatoes the frequent considerable injury by the larve to the 
green and ripening fruit has given rise to the name of tomato fruit- 
worm, or simply tomato worm. In southern New Jersey, according 
to Dr. J. B. Smith, the larve are known to tomato growers as heart 
worms. | 

Tobacco growers know the bollworm under the name of bud worm, 
though two species of Heliothis are concerned in injury to the tender 
buds of the tobacco plant. 

In New South Wales our bollworm is known as the maize moth; 
in Cape Colony, South Africa, as the peach under-wing, from its 
depredations on this fruit, and also as ‘‘risper,” signifying caterpillar. 

Throughout this bulletin the name ‘‘bollworm” is adopted, as its 
present consideration refers more especially to its depredations on 
cotton. 


GEOGRAPHICAL DISTRIBUTION. 


But few, if any, species of insects are more widely distributed 
throughout the world than is our cotton bellworm. Within the paral- 
lels of about 50° north and south latitude, the localities of its occur- 
rence form an almost complete girdle around the world. The most 
southerly recorded point of its occurrence is Dunedin, New Zealand 
(South Island), south latitude about 46°, and the most northerly is 
Sjelland, Denmark, north latitude about 55° 30’. In its vertical dis- 
tribution it is known to occur at sea level at many places, and it is 
recorded from Milpas, Durango, Mexico, by Druce at an altitude of 
5,900 feet. In Natal, according to Mr. Claude Fuller (in lit.), it has 
been noted from sea level to 5,000 feet above. 

In the accompanying Beeline map of the world (PI. I) the principal 
points of its occurrence are indicated by dots. In the United States 
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it occurs practically throughout. The map is based on information 
gathered from different sources, but principally from the British 
Museum Catalogue of Lepidoptera (I. c.), and from letters from for- 
eign entomologists to Dr. L. O. Howard. 

The following classified list will indicate more exactly the localities, 
States, provinces, etc., where the species is known to occur. It is 
very probable that it occurs in greater or less abundance throughout 
the various countries from which it is recorded, and it may perhaps . 
now be said that the prophecy of Grote, made some years ago, ‘‘ We 
shall soon write after its habitat, ‘The World, *” has been practically 
fulfilled: 


Canada: Ontario (Ottawa); Toronto; Manitoba (Beulah). | 

United States: Throughout, except possibly in Montana and Washington. 

Mexico: Morelos (Cuernavaca); Jalapa; Durango (Milpas); St. Maria; Mexico City. 

Central America: Guatemala (San Geronimo, Topote); Costa Rica.. 

Panama: Volcan de Chiriqui. 

South America: Venezuela; Rio Grande do Sul (Porto Alegre); Brazil (Rio); Peru 
(Callao); Chile (Coquimbo). 

West Indies: Jamaica; Barbados; St.Vincent; Porto Rico (San Juan, Mayaguez) ; 
Cuba (Habana); Dominica. 

Europe: Britain; France (Nice); Germany; Spain (Gibraltar); Russia (Sarepta) ; 
Sicily; Italy (Piedmont, Lombardy, central and southern Italy); Denmark: Zealand 
(Sjelland); Austria-Hungary: Budapest (vicinity); Transylvania (Héromszék). 

Africa: Madeira Islands; Canary Islands; Kongo; Soudan (Geht el Meghahid); 
Abyssinia; British East Africa (Machako, Tana River); North Gamiland; Madagas- 
car; Transvaal; Natal (Malvern, Durban); Basutoland (Masite); Cape Colony 
(Knysna, Grahamtown, Cape Town). According to Lounsbury (in lit. ), this species 
is well spread over Cape Colony, Orange River Colony, and Transvaal. 

Asiatic Turkey: Arabia (Aden); Syria (Lebanon). 

India: Kashmir (Govrais Valley, Kuijar); Northwest Hides ‘Simla; Dal- 
housie; Akhor; Campbellpar; Dharmsala; Deyra Dun; Allahabad; Sikhim; Sird; 
Kutch (Kutchur?); Bombay; Mhow; Madras; Ceylon; Nilgiris ( Nilgiri?); Azimgarh; 
Cheugalpot; Tanjore; Cawnpore; Bengal;. Patna. 

China: Shanghai; Chusan; Chang-yang; Washan. 

Japan: Yokohama; Fushiki; Formosa. 

Straits Settlements: Perak (Kinta Valley); Singapore. 

East Indies: Java. 

Southern Pacific: Gilbert Islands; Navigator Islands. 

Australia: North Australia (Point Darwin, Condillas); West Australia (Sherlock 
River, Freemantle, and, according to Lea, from Albany to Champion Bay and to 
some distance inland); Queensland (Brisbane); New South Wales (Moreton Bay, 
Sydney); Victoria (Gisborne); Tasmania (Launceston); New Zealand (Dunedin, . 
Auckland); South Australia (Adelaide, and generally throughout this State). , 


ORIGINAL HOME. 


In the case of insects so widely distributed it is of interest to deter- 
mine, if possible, that part of the world to which they are indigenous 
and from which they have spread to other countries. Many of our 
most injurious species have been introduced from foreign countries, 


15 


being here much greater pests than in their native homes. This result 
is due in part, at least, to the fact that their native parasitic and pre- 
daceous enemies have not been introduced along with them, and they 
are thus able to develop largely unmolested by these important checks. 
The proposition, therefore, has been to determine the original home 
of an injurious introduced species, and then to obtain its enemies and 
to array them against it in hope of thereby securing its control. 
Regarding the insect under discussion—the cotton bollworm—there 
are but few data with a possible bearing on its native home, and these 
are largely of a contradictory nature. That it is really indigenous 
over its present extended range is scarcely to be admitted. While 
_ there are numerous truly cosmopolitan families and a large, though 
proportionately less, number of genera, the truly cosmopolitan species 
of animals are comparatively few. In the case of many widely dis- 
tributed insects the possible accidental influence of man in furthering 
their distribution really makes it doubtful whether they are indigenous 
throughout their known range. Anosia plexippus Linn. and Vanessa 
(Pyrame?s) cardui Linn., among butterflies, appear to enjoy an almost 
world-wide distribution, but the ease with which pupe of these could 
be transported and, further, the vigorous flight of the butterflies 
themselves when once established would enable them to soon become 
quite common over an entire continent. | 

Reference to Plate I will show how widely the bollworm is at pres- 
ent known to be distributed over the world. Rejecting the idea of its 
being truly indigenous over this vast territory, it may be worth while 
to consider some facts bearing on the subject of its original home. 

As has been noted in the original description of this species by Fabri- 
cius under the name Bombyx obsoleta, its habitat is given as Americe 
Meridionalis Insulis. Accepting the identity of Bombyx obsoleta with 
our bollworm moth, as held by Sir G. F. Hampson and others, the 
species was first described from a specimen or specimens probably from. 
the West Indies. Apparently the earliest reference to the bollworm 
as depredating on crops comes from the United States. By 1820 its 
Tavages on cotton were the occasion of a short note in the American 
Farmer by a correspondent writing under date of September 20, 1820, 
to the effect that the pods of his cotton had been attacked by a large 
ereen worm from 1 to 14 inches long, which ate its way into the pod 
and did not leave it until it had completed the destruction. Some of 
the worms were smaller; some were brown and red. The injury 
seemed to be severe, with the prospect of one-fourth of the crop 
being destroyed. 

By 1841 the bollworm had become prominent as an enemy to cot- 
ton and corn in the Southern United States, and it is recorded as 
attacking corn in Illinois in 1842. 
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As early as 1853 its distribution, according to Guenée,” was ‘‘ Central 
Europe, North America, South America, East Indies, New Holland, 
and probably in other countries of the slobe 2 

At the March meeting of the London Entomological Society i in 1869 
specimens of the bollworm moth were exhibited by a ws Bond from 
the Isle of Wight, Java, and Australia. 

Mr. Grote, a well- Gaon student of the N octuide, to whieh os 
our insect belone has expressed the opinion that it is native to’ 
America, especially because it feeds here on some peculiarly American 
genera of plants. Its rare occurrence in Europe as compared with 
its abundance and destructiveness in América is also cited, and frem 
its occurrence in Australia and Java the query is raised: Has it not 
reached Europe from America by a westward route? As bearing on 
this point it is to be noted, as has previously been mentioned, that 
usually species introduced into a new country become much greater 
pests than in their original home, and on this basis the bollworm 
should be added to our already long list of imported pests. 

Mr. J. G. O. Tepper, of the Public Museum of South Australia 
(in lit.), says: | 
The species [ Heliothis obsoleta] appears to be indigenous throughout the continent 


[Australia]; a specimen was brought by the Elder exploring expedition in 1892 
from a till then uninhabited region in Central Australia, and of the pale variety. 


Mr. E. E. Green, the well-known student of scale insects, says: 


The very fact of extensive damage by any insect may of itself almost be accepted 
as proof of its foreign origin. Looking over the list of the different scale insects 
occurring in Ceylon, I find that all of the more troublesome species have been pre- 
viously described from some other country and are, therefore, presumiaioly imported 
insects. 


In America, however, we have numerous native insect Species that 
are first: class pests, as the Colorado potato beetle, the plum curculio, 
and others, so that the argument as applied to our conditions loses 
much of its force. 

More data of this character could be presented, but would serve no 
useful purpose in clearing up the question of the native home of the 
bollworm. Hardly anything can be inferred from a consideration of 
the food plants of the insect, for it is practically omnivorous. — Its pre- 
ferred food plant in the United States is corn, and probably also_ 
throughout its range in other countries where this crop isgrown. Its 
second choice in this country is cotton, a plant which has for centuries 
been grown in many parts of the world. Its third choice is probably 
tomatoes, a plant held to be native to Peru. 

Except in the United States but little has been recorded concerning 
its parasites, and these are all native to America. 


aLep. Noc., Il, p. 181. 
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FOOD PLANTS. 


Throughout its range a great variety of plants belonging to many 
different natural orders are known to furnish subsistence to the boll- 
worm. On some of these, as various weeds, its occurrence is more or 
less accidental, due to the indiscriminate habits of the moth in egg lay- 
ing, the food being plainly not suitable for the best growth and devel- 
opment of the larva. In the case of many vegetables and ornamental 
and fruit plants, however, these are fed upon with evident relish, and 
the larve are able to develop normally. Reports of occasional severe 
injury to plants of this character may be held to indicate the capabili- 
ties of the species, under favorable conditions, for depredations in the 
future. With a species of such general feeding habits severe local 
injury, in the absence of its preferred food plants, might reasonably 
be expected to occur to some of the numerous other crops which it is 
known to attack. | 

Many of the plants mentioned in the subjoined table are, in foreign 
countries, seriously ravaged by this pest. Important injury in the 
United States is confined principally to cotton, corn, tomatoes, and 
tobacco, concerning which a more detailed account will be given on 
another page. 

Taste I.—Food plants of Heliothis obsoleta. 


Food plants. Parts injured. . Reported from. 


Convolvulacee: 


Morning glory (Ipomaa commu- | Green fruit ..................... United States. 
tata). x 

Bind weed (Ipomea sp.)........... Holinpese eases uk eee Do. 
Chenopodiacez: 

Pigweed (Chenopodium SPjerc-ta- 5) Stems foliame. you) ery » Do: 
Amarantacee: 

Amaranth (Amarantus SPDu)aasces Green Seeds ebaces 2, 8 Do. 
Labiate: 

RMU S MORON <= 202s. Neon Gp pees bean se Ween oS United States (south Texas). 
Cucurbitacee: 

papash ‘ Cucurbita pepo, var. con- Vines, flowers, young fruit..... United States. 

ensa). 

Peete Cucnrbila pepo) <2. 08 |i sek ee ee Do. 

Cucumber (Cucumis sativa) ....___. NES Airats = ee. Se ee Do. 

Muskmelon (Cucumis Melo) ee oes Noumea trib, cee os) eGo aye Do. 

Watermelon ( Citrullis VUIGOTIS)\ =o Nee Ci ee nee ec tea Oe ee Do. 
Composite: 

Cocklebur (Xanthium strumarium) .| Foliage, stems.................. Do. 

Sunflower ( Helianthus Spa) tees sate Mlower-heads\. 12.28 ce80 sc. United States, India. 

enrgeron conmadense...:.............|..... ONS SS A Phas ST A eee eae SB United States. 

Walalia (Dahlia sp.) ............_... OSs EES SES OCR REET S Cape Colony. 
Cannacee: ‘ 

Canna (Canna indica) ............. dendes central bud; seed cap- | United States, 

sules. 

Malvacee: 

Cotton (Gossypium Spp.)---.--.....] Squares, bolls, flowers, stems, | Southern United States, 

foliage. India (?). 

Okra (Hibiscus ESCULETINUS) eee eee Green seed-pods, stems......... United States. 

Matva borealis.......... RA Green seed-pods.. 22) os-2 25 =. Do. 

2) 1D) Ai eS aren eas CORE rte te eek, 21 een Do. 

ee ee Cape Colony. 
‘Gramine: 

Indian corn (Zea TOOTS tee ee Tender ‘‘bud,”’ tassel, ears..... United States, Porto Rico. 


Brazil, Australia, Europe, 
Cape Colony. 
Sorghum (Surghum vulgaris, var. | Tender central ‘‘bud,”’ green | United States, Natal. 


saccharatum). seeds. 
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TaRLE 1.—Food plants of Heliothis obsoleta—Continued. 


Food plants. 


Parts injured. Reported from. 


Graminee—Continued. 
Millet ( Chetochloa italica).....--.--- Green SeCeUS'2.2.5.,.-6.22-asseeee United States. 
Crab grass (Panicum sanguinale) - ae See ee a 422). ee Do: Aye ; 
Colorado grass (Panicum texanum) - SAA OREN epee es RAS IS wae United States (Texas). 
eueat cane (?) (Saccharum offic:- ‘Wonder central ““ bud? 222222552 Southern United States. 
nale }j 
Wheat (Triticum SPWeee cee a eteeee Young as PSE lies 2a seers - Australia. 
Oats (Avena sativa) seats see an eee eee CO Week eee See eee ve. 
Barley, CHordewi Spps).a>s5--5- ee seen. GO IGS saree Ee oe eee 
K QHRCORMIM es see ee eee a nee (2) er ei Sen Bak eee aes see Cave: Colony: Natal. 
Rice (Oryea Saiug)e. 222 a Pea ee (2) setabe nt ea eee. a eee India. 
Solanacee: 
Tomato (Lycopersicum esculentum) .| Green andripening fruit, stems, | United States, Eurape, Cape 
foliage. Colony, Natal. 
Jimson (Datura stramonium)....-.-- Green seed capsules. -.-.-.----- ‘United States. 
Ground cherry (Physalis spp.) ----- Green and ripening berries. ---- Do. 
Cape pore (Physalis® peruc | iC) )icceee cide (yaa eset eeeme aA Ceylon, India. 
viana 
Pepper (Capsicum annuum) ..--.--.- Pods tint soa 3 canes eee eee United States. 


Tobacco (Nicotiana tabacum) ------ 
Nicotiana repanda 
Egg plant (Solanum melongena)..-- 
Solanum spp 
Potato (Solanum tuberosum) 

Vitacee: 

Grape ( Vitis var. ?) 

Urticacee: 

Fig (Ficus carica) 
Hemp (Cannabis sativa) 


Tridiacee: 
Gladiolus (Gladiolus var. ?).--..---- 

- Geraniacee: 

Geranium (Geranium var. ?)-..---- 


Crucifere: 
Cabbage (Brassica oleracea) 
Collards (Brassica oleracea) 

 Liliacee: 
Asparagus (Asparagus officinale) . - 

Rosacee: 

Peach (Prunus persica) 


Prune (emis sp.?) 

Pear (Pyrus communis) 

Strawberry (Fragaria chiloensis) - - - 

Rose: CRosa/spps)-. 22s 2 SSS eke 
Papaveracee: 

Opium poppy (Papaver somniferum) 
Leguminose: 

Alfalfa; Lucern (Medicago sativa) - - 


Chick-pea, gram (Cicer arietinum) - 
Acacia sp 
Beans, Lima and string ( Phaseolus 
vulgaris). 
- Peas (Pisum sativum) 
Sweet peas (Lathyrus odoratus) - - 
“‘Khesari’’ (Lathyrus sativus) 
Pulse (Dolichos lablab) 
Cowpea ( Vigna catjang) 
_ Erythrina herbacea 
Milk vetch (Astragalus caryocarpus)| 
Resedacee: 

Mignonette (Reseda sp.) --------.--- 
Caryophyllacee: 

Carnation (Dianthus caryophyllus) - 


Foliage, tender ‘‘ buds,’ green | United States, 

seed-capsules. tralia, Italy. 
Pe: ais United States (Texas). 
United States. 


Japan, Aus- 


Green and ripe fruit 


GICeN DErlies: 4552s. Sass eens Do. 
A (7s) SOE PPR eee ae ay ef India. 
| THOMA Clas ot te a ee Se eye United States (California). 
(ope 2 Ut ph Beil. Seas United States. 
ia) Nera ira gi Se mee Ed Mt Sr Te United States (?), Europe, 
India. 
Stems, flower buds -..---......- United States. 
(yor hoes ee ee Do. 
C2) see ea erent peg a a Australia. 
HON AROA dle fers ol Seer ee United States, Cape Colony. 
Stemseses5 eee ee oe ee eee UnitedStates. 
Berries (7) zoe 2.2.2 Eee eee Do. 


Green and _ ripening fruit, | United States, Cape Town, 
flower buds. South Africa. 

Green fruit, flower buds........ Cape Town. - 
ae GO xe ee oe oe Do. 

WOM ARCS BAe Ean Jats ee United States (California). 
SUOTOWM ess aes soe = Soe eee United States... 

RIOWEer DIdSae ties seo eee ee United States, Ceylon. 
Seed capsulles#es2s2.6 4+ 22 ele India 

Foliage, tender stems ....-....- United States, Europe, Cape 

Colony. 
noe POUSEs sees kee ee Europe, India. 
rh see eit shee tii) pt ee ae Cape Colony. 

POS): see Oe Ce United States, Cape Colony. 
eetos GOS Sy eo Sos eae: eee Do. 

POGS1(2) eee See se eee Cape Colony. 

POGS "(A 2 Soa e eae eee India. 

POdS (2) e322. 755. o eee see Do. 

Pods! 238. 332 520s eee ee eee United States. 

Sets GOS nsec eee eee eee Do. 

eet Oss eS ee eee Do. 
ists Si Be Be ee ee eae ee , Europe. 


Ete oe BAG A ioe Cape Colony. 
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In the laboratory at Paris bollworms were fed on the following 
plants, which were eaten with evident relish: 


Corn. Gourd. Rose. Bindweed. 

Cotton. Cucumber. Amarantus spp. Stachys agraria. 

Tomato. _ Nasturtium. Tobacco. Physalis angulata. 

Apple. Castor bean. Catalpa. Solidago sp. 

Peach. Millet. , ‘Blackberries. = = = Canna indica. 
Trish potato. Alfalfa. - Bermuda grass. Datura stramonium. 

Sweet potato. Taraxacum vulgare. Rudbeckia sp. Chenopodium sp. 

Cowpeas. Helianthus tuberosum. Poke weed. Sida sp. 

Garden peas. Green peppers. Solanum spp. 

Squash. Okra. Erigeron spp. 


The food plants of the bollworm, as at present known, are thus seen 
to number 70, distributed in 21 natural orders. If to these be added 
the plants on which the larve have been fed in confinement, the list 
becomes somewhat increased. 


STATUS OF BOLLWORM IN FOREIGN COUNTRIES. 


Throughout its extended range the bollworm is nowhere so well 


known as in the southern United States in connection with its injuries: 


to the cotton crop. Its injuries in foreign countries are, however, in 
some sections not inconsiderable, and attention may appropriately be 
called to its status as a pest in other countries than our own. 

Throughout the countries of Europe its injuries are, on the whole, 
comparatively insignificant. In Great Britain and Ireland, according 
to Mr. E. A. Shipley (in lit.), well-authenticated British specimens of 
the moth are so rare as to sell at from $2.50 to $4 each. 

Dr. Paul Marchal writes that bollworms were observed by him 
injuring tomatoes in middle France in 1900 and 1901, and also injuring 
corn in north Spain. In Hungary, according to Dr. Josef Jablo- 
nowski, moths are very rare and larve are unknown. A related 
species, [Teliothis dipsaceus Linn., is at times troublesome, feeding on 
corn, flax, peas, potatoes, and other crops. 

Dr. Antonio Berlese, of the Royal High School, Portici, Italy, 
advises (in lit.) that the bollworm in Italy attacks principally tobacco 
and Indian corn. Its injuries are not ordinarily important, and gath- 
ering the larve by hand and destroying them is the method followed 
in its control. Three generations annually are considered probable. 

Concerning the status of the bollworm in Cape Colony, South Africa, 
Mr. Charles P. Lounsbury, Government entomologist, writes that it 
is one of the most common of the lepidopterous insects of the Cape, 
its larva being well known to farmefs, fruit growers, and gardeners 
alike. In feeding habits the larva is almost omnivorous, attacking 
pear, prune, plum, peach, lucern (alfalfa), cabbage, tomatoes, corn, 
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various flowers, and pine. Often serious injury is done to early toma- 
toes and peas, and much complaint is made of injury to buds of flowers 
and young fruit of peaches, plums, prunes, etc., of which 50 or more 
per cent are quite often scarred. Corn is generally infested. Hand 
picking is largely practiced to protect orchard trees, and thoes 

cleaning up for protecting vineyards. | 

In Natal the pest is apparently less destructive. Mr. Claude Fuller, 
formerly Government entomologist, has noted its injuries to corn, 
Kafir corn, and tomatoes, but generally the damage is slight. 

In Kanan the rete is very generally distributed over the cen- 
tral parts, according to Mr. J. G. O. Tepper, of Adelaide, it being 
one of the most common of the larger moths. The larve feed almost 
indiscriminately, attacking wheat, barley, and oats while these crops 
are young, and most other herbaceous plants in all stages, the former 
crops being attacked at or near the ground, much after the manner of 
cutworms. Native crows and magpies feed on the larve, rendering 
much service in this way. It is noted that native grasses are not 
attacked. Several generations annually probably occur. 

Mr. Arthur M. Lea, writing concerning this same insect in Austra- 
lia, mentions an instance where the larve, leaving the flowers of 
‘‘everlasting,” on which they were feeding, appeared to migrate simul- 
taneously in true army-worm fashion, attacking a near-by paddock 
of oats, which was completely destroyed. The same gentleman states 
that the bollworm is very rare in Tasmania, only two specimens hay-- 
ing been obtained during a period of four years. 3 

In Ceylon, Mr. E. Ernest Green, of the Royal Botanic Gardens, 
writes that the bollworm does not there rank as a serious pest. The 
larvee are principally injurious to flowers, as rose buds, and to vege- 
tables, as the fruit of Physalis peruviana, the Cape gooseberry. Hand 
picking is the only method employed in its control. 

In Japan, according to Mr. Yasuchi Nawa, of Gifu, the bollworm is 
most injurious to tobacco, cotton not being especially injured. Other 
plants attacked are flax, corn, cucurbits, and hemp (Cannabis sativa). 
The insect is controlled by as oying the eggs by the use of kerosene 
emulsion. Three or four generations occur annually. 

Attention should here be called to the occurrence in the cotton fields 
of Egypt of an insect there known as the bollworm, which is, however, 
a species quite different from the bollworm of the United States. The — 
Egyptian bollworm resembles our own mostly in its habit of feeding 
on cotton bolls. Its life history presents numerous points of differ- 
ence. Mr. George P. Foaden, in the Journal of the Khedival Agri- 
cultural Society for May and ine of 1899, page 940, gives an account 
of this species under the name of Larias Be 
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ECONOMIC STATUS IN THE UNITED STATES. 


As shown on page 17, the food plants of the bollworm in the United 
States comprise a very long list. It is best known, however, as a pest 
of corn, cotton, tomatoes, and tobacco, its injuries to the other men- 
tioned food plants being as yet of comparatively little importance. 


INJURY TO CORN. 


Corn is without doubt the preferred food of the bollworm, and it is 
subject to attack from the time the plants are 12 to 18 inches high in 
_the spring until late in the summer and fall, when the yellowing leaves 
_and stalks and ripening ears are no longer attractive. Of the different 
types, sweet'corn is most generally infested, which may be taken as 
evidence of its partiality for the sweet varieties. In the South gen- 
erally, the culture of sweet corn for market or home use is usually 
very unsatisfactory by reason of the depredations of this insect; and 
it is not attempted so generally as farther north. Early-planted sweet 
corn is just coming into tassel and silk as moths from hibernating 
pup make their appearance. The plants are thus stocked with eggs, 
the leaves, stalk, tassel, ears, and silks often being literally covered with 
them, numbering, for a single plant, not infrequently from 300 to 500. 
The tender central roll of leaves, or ‘‘ bud,” the unfolding tassel, and 
the milky kernels of the ear are attacked by the larve, and the plant 
soon presents a sorry sight. Scarcely an uninfested ear may be found. 
The injury may be confined to the destruction of the terminal portion, 
or large irregular cavities may be eaten quite the length of the ear. 
This injury, together with the quantities of filthy excrement voided by 
the larvee in their rapid growth, practically renders the product unfit 
for market purposes, though more or less injured ears are often found 
for sale. The citizens of the South are, therefore, largely deprived 
of this favorite vegetable on account of the presence of this pest. 

The species has much the same character in the more northern 
States, but the severity of attack and the completeness of destruction 
are much less pronounced, except during occasional years. In New 
Jersey, Delaware, Maryland, Ohio, Indiana, Illinois, and bordering 
States, where the cultivation of sweet corn for market and for can- 
ning purposes has attained considerable proportions, the ravages of 
the insect one year with another bring about a considerable financial 
loss. Frequent mention is made in the literature of economic ento- 
mology of the depredations of the bollworm on sweet corn, the loss 
being variously estimated at from 10 to 50 per cent of the crop. 
Extreme cases have been recorded where the injury has been so severe 
that no attempt was made to even utilize the crop. Actual losses suf- 
fered by growers of sweet corn for commercial purposes may be only 
approximately indicated. Statistics are not at hand bearing on the 
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plantings of sweet corn for garden use, so that the loss from injury to 
plantings of this character can only be surmised, as must also be the 
theoretical value of the culture of this crop to the South, where its 
cultivation is now largely prohibited, as previously stated. Giving 
due consideration to all of these points, it is believed that an estimate 
of an average annual injury of 25 per cent would be within the limits 
of reason. 

The sweet corn pack of 1900, as given by the Twelfth Census, was 
6,185,624 cases of 24 cans each, with a value, based on the minimum 
price of 60 cents per 12 cans, of $7,422,748,80. On the supposition 
that boliworm injury to sweet corn throughout the country was equal 
to 25 per cent of the reported pack, the loss i is foun to amount to 
$1,855,687. 20. 

ae m ravages to field corn are most severe in the Southern 
States, where the percentage of infested ears one year with another 
will probably not fall below 75, and will often, as during the past two 
years at least, reach higher. No accurate data are at hand to indicate 


the average annual percentage of infestation of corn throughout the ~ 


great corn-growing regions of the Central, Eastern, and Western 
States, but it will probably average at least as much as 50 per cent, 
and He much more. Injury to varieties of field corn is not so 
extensive as in the case of sweet corn. Usually only a certain small 
percentage of the kernels are eaten from the tip end of the cob, 
and the large cavities and extended longitudinal channels eaten out 
by the larve in sweet corn are in field corn only occasionally to 
be found. The destruction of the silk and the exit holes of the 
caterpillars, however, afford an entrance to rain, especially before the 
ears have lost their more upright position, eh. in connection with 
molds and ferments, may work more serious injury than the larve 
themselves. However, the actual destruction of kernels used by the 
larvee as food amounts, in the aggregate, to a very important loss. 
The average of seven individual bollworms, fed on soft corn kernels 
in the laboratory, was 40 kernels each, during the period of their 
growth. Allowing 900 grains to the average ear, this would mean a 
possible loss of about 4.5 per cent of the grains of infested ears. 
By actual count of the kernels of a series of infested ears of field 


corn, as grown at Paris, Tex., it was found. that the percentage . 


destroyed was 15, representing, ay the work of from one to three 
larve. Itis to be noted, homes er, that the kernels of the tip end of 
the ear, the portion alls nee by the bollworm, are smaller 


than those farther back on the cob, and would probably average not 


more than one-half the weight of full-sized grains. The percentage 
of injury as determined by weight would, therefore, be not more 
than 74. In view of these figures it is believed that the bollworm 
may reasonably be charged with an annual destruction of at least 2 
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per pant of the corn crop throughout the United States, not taking 
into account the injury from rain, molding, etc., following this attack. 
The value of the corn crop of the United State | in 1899, as reported 
by the Twelfth Census, was $828,258,326. Two per cent of this 
amount is $16,565,166, which may be held to represent approxi- 
mately the loss annually occasioned by this insect to the corn crop of 
the United States. 

INJURY TO COTTON. 


Notwithstanding its large aggregate injury to corn, the bollworm is 
best’ known as an enemy to cotton. Injury to this crop is largely 
by the third and fourth generations of larve. With the general 
hardening of field corn in late July the moths go to the cotton fields, 
where they feed on the nectar secreted by the squares and flowers, and 
eggs are deposited almost indiscriminately over the plants. Notable 
injury to cotton usually begins early in August, and may at this time 
be very severe, gradually becoming less toward the end of the month 
as the larve mature and pupate, or die of parasitism or from other 
causes. The injury, however, may at no time be very pronounced, 
but continue during August and well intoSeptember. This condition 
appears to result from the relative age of the surrounding corn. If 
all of the neighboring fields mature at about the same time, injury to 
cotton in that vicinity will likely be much more evident than if these 
mature irregularly. It should here be noted that the occurrence of 
rains and showers during late July and early August appears greatly 
to favor bollworm injury to cotton. This point will be dealt with 
more fully on page 32. 

At the present time the bollworm is more especially destructive to 
cotton in the following States, given in about the order of importance 
of injury: Texas, Louisiana, Indian Territory, Oklahoma, Mississippi, 
and Arkansas. In the States of Alabama, Georgia, Florida, and the 
Carolinas bollworm injury to cotton is probably not ordinarily very 
extensive. With the exception of a portion of Alabama, the general 
planting of late corn for fodder and silage furnishes the insect with 
a succession of its favorite food, with the result that cotton is not 
seriously attacked, except locally under certain readily explained 
conditions. 

In the first-mentioned States, however, the simple aie of early 
corn and cotton, largely to the eo lnenen Si other crops, furnishes just 
those Be hons most favorable for the development in large numbers 
of the bollworm, and its severe injuries are due in no small degree to 
the kind of farm practices there in vogue. 

During the years 1908 and 1904, the period covered by this investi- 
gation, bollworm injury in certain sections of Texas varied from 8 to 
60 per cent of the crop. The injury, on the whole, was much more 
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pronounced in 1903 than in 1904. This was due not only to the more 
favorable weather conditions for bollworms during late July and 
August, but to the general lateness of crops, due to an unusually wet 
spring, which everywhere delayed planting from three to five weeks. 
_ The following estimates of bollworm injury to cotton in several 
counties of Texas during 1903 have been made from all obtainable data, 
including personal investigations, and will illustrate the possibilities of 
injury of this species under exceptionally favorable conditions: 


TaBLeE IIl.—Estimated bollworm injury in certain counties of Texas in 1903. 


Percentage Percentage 
County. of crop County. of crop 

destroyed. destroyed. 
ING TE) rae canoe eres cc oe a See ane 20; to: 25." Lamar: 22 S25 2e ee eee 40 to 50 
Hen clersoneeee enn at aks hohe eee 15, to 20° ||; Delt@iz2.. 22.22 See eee Soe 50 to 60 
NOATINES HOMO Ieee sae ye io) en 20) to’ 25. || unit. 2.3 330 Saas ae ee 30 to 35 
BOOM Seen tastes Aen oe ees, Sle cs Sete 8to L0"|| Hopkins :...3 422582 54-6 eee 25 to 30 
SCP 3 Sipe eee nl ee ie 2 fF Re ee 8 to 10:|| (Kauimian:. 2.2 3525. 2a ons=s eee 25 to 30 
IO DERISOM Ee oo. Sonne seree 0 ne ee 15 tor205 || "Van Zandt = jeeeae. Jes 20 to 25 
RRR es Sas Re A ee eee eee 50 to 60 


It should not be understood that injury was confined to these coun- 
ties. The injury, in fact, was quite general over the principal cotton- 
producing counties of the State. Likewise in Louisiana, Mississippi, 


ones 
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Fic. 1—Map of area infested by bollworm (from Quaintance and Bishopp). 3 


Indian Territory, and Arkansas bollworm injury was very severe. 
The area most seriously injured in 1904 is shown by the shading in the 
accompanying illustration (fig. 1). 

From evidence collected and from personal investigation it is believed 
that an average annual injury of 4 per cent to the cotton crops of the 
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above-mentioned States would be a most conservative estimate. For 
the purposes of the present computation, bollworm injury in the 
States of Alabama, Georgia, Florida, the Carolinas, and the other 
cotton-growing States not mentioned may be ignored as of. little 
importance. 
The total value of cotton fiber and seed for the States of Texas, - 
Louisiana, Mississippi, Indian Territory, Oklahoma, and Arkansas for 
1899 is given by the Twelfth Census as $213,695,256. Four per cent 
of this amount is $8,547,810, the approximate annual tax of the boll- 
- worm on the cotton planters of these States. 


INJURY TO TOMATOES. 


Bollworm injury to tomatoes is variable and hard to more than 
_ approximately estimate. Injury by the first and second generations of 
larvee is probably most severe, but reports of depredations in the late 
summer and fall are not wanting. The destruction of the early fruit 
augments the loss. In the commercial tomato-growing regions of the 
South, especially in Florida, Mississippi, and eastern Texas, complaints 
of severe injury are frequent; likewise in Maryland, New Jersey, 
Delaware, and other States, where large quantities of tomatoes ‘are 
grown for canning purposes, the average annual injury is doubtless 
quite important. A possible basis for an estimate of loss to tomato 
growers by the bollworm is to be found in the statistics of the pack 
of this vegetable in the United States for 1900, which are given by the 
Twelfth Census as 5,495,093 cases of twenty-four 3-pound cans each. 
At the minimum valuation of $1.46 per case, the crop in 1900 was worth 
$8,022,835. Placing the average annual loss to this crop by the boll- 
worm in the United States at 2 per cent; which is undoubtedly a very 
conservative estimate, the amount is $160,456. 

Bringing together the losses to the afore-mentioned crops, there is 
shown a total of $27,129,119 as the yearly tax of this species on growers 
of corn, cotton, and tomatoes in the United States. 

The extent of losses to various other crops, such as tobacco, alfalfa, 
cowpeas, various garden vegetables, and others, would increase this 
amount somewhat, and the sum total of losses from its depredations in 
this and foreign countries would be an amount sufficient to easily place 
the bollworm amongst the foremost injurious species of the world. 


DISTRIBUTION AND DESTRUCTIVENESS IN RELATION TO LIFE 
ZONES. 


With the probable exception of the Boreal, the cotton bollworm is 
known to occur in all of the life zones of North America, as mapped 
out by Doctor Merriam (PI. II), namely, the Transition, Upper Aus- 
tral, Lower Austral, and Tropical. 
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TRANSITION ZONE. 


The species occurs well up in the Transition zone, if not indeed 


overlapping on the southern limits of the Boreal zone, though in this 
northern latitude it is apparently not very destructive. It is here 
recorded as injurious to late sweet corn and also tomatoes. Rather 


severe injury was reported in the vicinity of London, Ontario, in 1898, 


by Dr. James Fletcher,¢ and also by Mr. J. Dearness.’ Several fields. 


of corn were infested, varying in extent from about 20 to 95, or in 

one case nearly 100 per cent, with from one to several larve in each 

ear. In a letter concerning this species Doctor Fletcher states: 
Heliothis armiger [obsoleta| is sometimes abundant and destructive to late sweet 


corn, the larve at that time being of all sizes to full grown. * * * Mothsareout 
at Toronto and here [Ottawa] by the end of September and sooner. * * * We 


have also received specimens from Beulah, Manitoba, but the species is decidedly — 


not common. 


Injury to sweet corn in 1892 is reported’ from Farmington, Me., a 
town on the border line of the Boreal and Transition zones in that 
State. The identity and character of the insect seem to have been 
quite unknown to those suffering from its ravages, which may be 
taken as evidence of its infrequent occurrence. No records have been 
found to indicate its occurrence in the numerous patches of the Boreal 
zone along the Allegheny and the mountain chains of the West, 


although it is known to occur in numbers in adjacent areas of the ~ 


Transition zone. It may, therefore, perhaps be safely inferred that 
the insect is not able to extend itself permanently into the Boreal 
zone, by reason of temperature and other conditions. 

It is pertinent to mention that in New Mexico Prof. T vie 
Cockerell, who has given considerable attention to the life zones of 
insects, records® the species only from the area designated by him 
Upper (including middle) Sonoran. 

The restraining influence of low and sudden changes in temperature 


on the successful existence and increase of species of more southern. 


occurrence, in their northward spread, has been recently commented 
upon’ by Doctor Chittenden, of this Bureau. According to this gen- 
tleman’s observations the bollworm was comparatively rare on corn 
and other crops, which it commonly infests in the vicinity of Washing- 
ton during the season following the severe freezes of February and 
March, in 1899. The severe character of the winters of the more 
northern States, coupled with the relatively low sum of-effective tem- 
perature, no doubt has an important bearing on the comparative 
immunity of this territory from serious injury. 


a Rept. Ent. Soc. Ont., 1898, p. 82. 

bTbid., p. 62. 

¢Ann. Rept. Maine Agric. Exp. Sta., Pt. IV, 1892, p. 119. 
dBul. 24, N. Mex. Agric. Exp. Sta., p. 35. 
é Bul. 22, n.s., Div. Ent., U. 8. Dept. Agric., p. 56. 
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In the more southern part of the Transition zone the insect is nota- 

bly niore successful, though nowhere in this zone is it a pest of regular 
-oceurrence or of any considerable importance. In Massachusetts it 
‘was reported as quite abundant in 1894, and its presence had been 
noted in sweet corn several years previously in certain of the smaller 
towns in the neighborhood of Boston. It would appear, however, that 
the bollworm becomes thus numerous at rather long intervals. Accord- 
ing to Doctor Fernald (in lit.) only three examples were received by 
him at the Massachusetts Experiment Station from 1899 to 1904. 

In Michigan, which is largely within the Boreal and Transition 
zones, the bollworm is also of comparatively rare occurrence in inju- 
rious numbers. Thus Mr. Tyler Townsend states? that the species 
came under his observation only once during a period of fourteen 
years, namely, in 1881, when the larvee were frequently found in ears 
of green corn. In Minnesota, according to Doctor Lugger,?’ the 
insect does not winter, all individuals being killed in late fall, thus 
necessitating their reintroduction each year. In commenting upon 
this statement Doctor Fletcher remarks that it is his opinion that 
some of the insects, at least, hibernate in Canada as pupe. 

The almost total absence of references to this species in experiment 
station and other literature from the Dakotas, Montana, Wyoming, 
and Washington indicates its comparative scarcity, at least as a pest. 
In a recent letter Prof. Avon Nelson states it as his belief that the 
bollworm does not occur in Wyoming’; Professor Cooley does not 
know of its presence in Montana; while Prof. W. H. Lawrence 
advises that according to his information it does not occur in Wash- 
ington. It is, however, reported from Idaho and Oregon. The 
absence of sufficient data will, however, preclude the consideration of 
the zonal distribution and destructiveness of the bollworm throughout 


this region. 
UPPER AUSTRAL ZONE. 


By reference to the map (PI. II) it will be seen that the Upper 
Austral zone covers a large part of the more central territory, east 
and west, of the United States. This zone is divided into two sub- 
divicions, namely, the Carolinian area and the Upper Sonoran area. In 
the present discussion it is necessary to consider them separately. 


CAROLINIAN AREA. 


The Carolinian area is distinguished from the Upper Sonoran by 
reason of its greater humidity. It finds its western limits along the 
one-hundredth meridian. Throughout practically all of this area the 


@ Insect Life, II, p. 42. 

® Bul. 43, Minn. Agric. Exp. Sta., p. 198. 

¢Mr. E. 8. G. Titus, of this Bureau, however, reports that he has taken the boll- 
worm in Wyoming. 
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bollwerm is well established, appearing in considerable numbers 
almost every year and attacking sweet corn, tomatoes, field corn, garden 
vegetables, ornamentals, and various other plants. Numerous reports 
are made of its injuries to these plants. In New Jersey, Delaware, 
Maryland, Ohio, Indiana, Illinois, and other States of this area, where 
sweet corn and tomatoes are largely grown for canning purposes, the 
insect is considered a pest of prime importance to these crops. Injury 
to field corn occurs in varying degree almost every year, often attain- 
ing considerable proportions. The character and regularity of injuries 
by this insect fix it as a permanent pest in this area, and it is unnec- 
essary in this connection to cite specific examples of injury. 
UPPER SONORAN AREA. 


a 


In the western or more arid portion of the Upper Austral zone east 
of the Rocky Mountains the boliworm, from the data in hand, appears 
to lose much of its importance as a pest. Sufficient data are not avail- 
able to discuss the extent and character of its injuries, but the few 
reports indicate that during certain years it is moderately abundant 
and destructive to sweet and field corn. 


LOWER AUSTRAL ZONE. 


In the Lower Austral zone, especially the area eastward of, approxi- 
mately, the one-hundredth meridian, and known as the Austroriparian, 
the bollworm attains its maximum abundance. 


AUSTRORIPARIAN AREA. 


The Austroriparian area marks, approximately, the principal cotton- 
growing territory of the South. While the bollworm varies much in 
destructiveness throughout this territory—a fact due largely to local 
conditions, such as differences in methods of farm practice—yet it is 
everywhere present, and usually in injurious numbers, on some of its 
numerous food plants, as corn, cotton, tomatoes, tobacco, alfalfa, and 
various garden vegetables. Throughout the greater part of the area 
the commercial culture of sweet corn is attended with the greatest 
difficulty by reason of the attacks of this species. In Florida and other 
sections of the South, where the growing of early tomatoes for north-_ 
ern markets isan important industry, the bollworm is yearly the source 


of much loss from its ravages to the early fruit. Probably nowhere — 


in the world does the cotton bollworm become the source of more 
complaint than in the Austroriparian area of the United States. 


LOWER SONORAN AREA. 


The western and arid portion of the Lower Austral zone is desig- 
nated the Lower Sonoranarea. In Texas, from about the ninety-eighth 
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meridian westward, the bollworm rapidly becomes of less and less 
importance along with the diminishing annual rainfall. The further 
consideration of this area*will be included in the next topic. 


THE BOLLWORM IN THE WESTERN UNITED STATES. 


Owing to the incompleteness of data on the distribution and destruc- 
_ tiveness of the bollworm in the more Western States traversed by the 
Rocky and other ranges of mountains, and the consequent breaking up 
of the zones into small and more or less poorly defined areas, it will 
not be possible to indicate the relative destructiveness of the insect in 
_ this territory, except in a very general way. 

No records have been found of the occurrence of the bollworm 
in the States of Montana and Washington. In Oregon, however, 
it was reported by Professor Washburn” as destructive to sweet 
corn at Corvallis, in 1889, and elsewhere in the State. It was not con- 
sidered a newcomer, as it had been reported by farmers four, or even 
eight, years previously. These reports appear very probable, in view 
‘of the records of this Bureau of two specimens from Oregon prior to 
1885, as mentioned by Riley in the Fourth Report of the United States 
Entomological Commission. 

The bollworm was to be found in California as early as 1879, accord- 
ing to a note in the Pacific Rural Press of September of that year. 
More recently’ the insect has been mentioned by Mr. Coquillett as 
feeding on various plants in that State, though no data are furnished 
to indicate serious injury from the pest. In Nevada, according to 
Prof. F. H. Hillman,¢ the bollworm is commonly injurious to sweet 
corn, and less frequently to tomatoes, in the western part of the State. 
Injury is reported” from Buckeye, Ariz., to corn in 1899, and its occur- 
rence in portions of New Mexico, injuring corn and tomatoes, has been 
occasionally mentioned by Professor Cockerell. In Utah, according 
to Prof. EK. D. Ball, the bollworm is a pest of considerable importance, 
injuring corn and other crops. 


FARM METHODS IN RELATION TO BOLLWORM INJURY. 


As has been elsewhere mentioned, present injury to cotton by the 
cotton bollworm assumes its greatest proportions in Texas, Louisi- 
ana, Indian Territory, Oklahoma, Mississippi, and Arkansas, with 
more or less injury in Alabama. The fact that the western part of the 
cotton belt should be thus afflicted, while the Carolinas, Georgia, and 
Florida enjoy practical immunity, is somewhat remarkable, and this 


«Bul. 3, Oreg. Agric. Exp. Sta., p. 6. 

6 Insect Life, I, p. 331. 

¢ Bul. 36, Nev. Agric. Exp. Sta., p. 19. 
@ Bul. 32, Ariz. Agric. Exp. Sta., p. 288. 
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condition of affairs is apparently attributable to certain definite causes, 
susceptible of explanation. 

It is almost an axiom in economic entomology that greatly increased 
planting of a crop, to the practical exclusion of all others, is followed 


by a corresponding increase in insect depredations on the crop thus 


grown. Those who have followed the development of the cotton- 
growing industry in the States west of the Mississippi River during 
the past two or three decades need not be told how extensive this has 
been. Quoting from the Twelfth Census: 

Of the entire crop, 34.05 per cent was grown west of the Mississippi River in 1879; 
38.44 per cent in 1889, and 43.80 per cent in 1899. * * * Of the total increase of 
4,099,831 acres in the decade 1890 to 1900, 3,637,398 acres, or 88.7 per cent, were con- 
tributed by Texas, Indian Territory, and Oklahoma. The increase in Texas was 
-3,025,824 acres; in Indian Territory, 371,987 acres; in Oklahoma, 239,569 acres. 
This leaves an increase of only 462,433 acres for all the other States, which was nearly 
reached by the increase of 440,970 acres in Alabama. 


The tide of immigration which in 1850 began to move westward 
from the more eastern cotton States peopled this newer country largely 
with cotton farmers, and until recently but little attention has been 
given to diversified farming, corn and cotton being the principal crops 
grown. As transportation facilities have improved, the tendency has 
been to increase the farm acreage in cotton and to depend more and 
more on the North and West for the food supply. This extension of 
the cotton area and neglect of crop diversification have resulted partly 
from the belief that climate and soil were not adapted to the cultiva- 
tion of those crops grown successfully farther north, but more largely 
on account of labor and economic considerations. Landowners have 
for the most part come to consider cotton as the only crop which might 
be grown on a large scale with reasonable convenience and safety to 
themselves, and there has thus been developed a condition of finances 
which has necessitated the planting, by tenants and small landowners 
in need of credit, of cotton as collateral for the amounts advanced. 

Plantations and farms of large size are the rule, and the tenant 
system, therefore, finds its maximum development in the area under 
consideration. This fact, in connection with the large areas in cotton 
as compared with other crops, and the natural fertility of the soil, pro- 


ducing a rank, succulent plant growth, have been important factors in 


bringing about the present importance of bollworm ravages. 

The cotton crop requires the occupancy of the ground from early in 
the spring until late in the fall, the growth of the plant being checked 
only by frost. If the fall be cin faneealbes the picking may be greatly 
delayed, often extending through the winter and well into the following 
spring. Under such circumstances thorough plowing of the ground in 
the fall or winter, with its consequent benanaul influence in destroying 


hibernating pupe, is not possible, and land is planted to cotton, often — 


during several successive years without a thorough breaking up. 
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As a rule cotton crops have not received the attention necessary for 
their best growth and fruitfulness. This lack of necessary cultivation 
is more particularly noticeable with tenant farmers. The plant is thus 
least able to overcome insect ravages and put on additional fruit in 
place of that destroyed. The natural perennial habit of the cotton 
plant tends to make its growing season later and later for a given 
locality. The continued use of seed of local and often unknown origin, 
frequently secured from public gins, has been instrumental in produc- 
ing a rank, late fruiting and maturing strain of cotton on which boll- 
worm ravages are generally admitted to be much more severe than on 
earlier maturing varieties. 

The principal crops grown, namely, cotton and corn, are the two 

_ preferred food plants of the bollworm, and in the absence of fall and 
winter plowing the insect finds conditions most favorable for its 
development. 
. In the more eastern cotton belt States conditions affecting the status 
of the bollworm present important differences and readily account for 
the unimportant character of the insect asa cotton pest in these States. 
The smaller size of farms does not permit of the cultivation of cotton 
in such large and unbroken areas; while the ‘‘ weed” is smaller and 
less succulent by reason of a lesser fertility of the soil. The general 
use of fertilizers hastens the formation of fruit, so that it is more 
quickly out of danger of insect attack. The rotation of crops also is 
much more generally practiced. The three-year rotation of corn, cot- 
ton, and oats, or other crops, insureS thorough plowing of the lands. 
Cowpeas are very generally planted in corn as it is being laid by, and 
often after oats, thus furnishing the bollworm moth with an abun- 
dance of food from the nectaries of the flower stalk, and they are thus 
not forced to the cotton fields for food. In Georgia the senior author 
has seen bollworm moths literally in swarms feeding in cowpeas, to the 
complete neglect of adjacent fields of cotton. 

It would appear that there is some relation between the relative 
acreage in cotton and peas in the different States and the injury 
suffered by these States from bollworms. The following table, com- 
piled from the Twelfth Census, of the plantings of cotton and peas for 
the year 1899, is of interest in this connection: 


ee III.— Comparative acreage in cotton and cowpeas, 1899. 


Ratio of 
State Acreage in | Acreage in} acreage in 
reas cotton. peas. cotton and 
peas. 

CE COE O ITT Sea ar tse a, 1, 007, 020 88, 407 11 tol 
LESLIE S De ain Sic ie pe oe Rs ar 991. 825 17, 875 12tol 
NE RraTInrmM es te eT ee conn 2,074, 081 143, 070 13 tol 
PST... 260-1 oose Ee a ee ee ees 3, 513, 839 167, 032 Dirtouk 
LUPUS oo neues i a AUB AUS Ag 3, 202, 135 91, 126 35 tol 
DUDES DSSGCETL. oe ae ee Se ee ee ee ee 2, 897, 920 64, 490 41 tol 
ee Ree er A. Se ovis wad oe 1, 641, 855 31, 414 52 tol 
Aiperie i ieee Pate aw Pre ee Fl ee ae 1, 376, 254 15, 190 91 toz 
VOSEIG see ie  e So a ee a ae ene eect eee 6, 960, 367 33, 947 205 to 1 
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It will be noted that the acreage in peas, as compared with the acre- ~ 
age in cotton, decreases almost in proportion to the increase in sever- 
ity of bollworm injury in the respective States. In Texas, where 
there is but 1 acre in peas to every 205 acres in Bs bollworm 
injuries are of greatest severity. 

The very general practice of planting late corn for fore silage, 
and other purposes is, in effect, the application of the trap-crop idea. 
By this practice, which has come about simply as a farm expedient, 
the farmers of the Carolinas, Georgia, and portions of Alabama have 
unconsciously greatly lessened the danger of bollworm injury to cot- 
ton by providing the insect with a succession of its favorite food plant. 


RELATION OF WEATHER TO BOLLWORM INJURY. 


The belief is firmly established in the minds of many cotton planters 
that rainy weather, especially during late July and early August, is 
largely responsible for severe bollworm injury to cotton. Further, 
the opinion is occasionality expressed that the ‘‘worm” is the direct 
result of such weather conditions. The fact that it is just at this time 
that the hardening of field corn forces the moths to the cotton fields 
appears to be lost sight of, and the sudden and destructive appearance 
of the larve on cotton has often been attributed to the occasional 
showers which may occur at this time of year. However, a belief so 
well established, resulting from many years of observation and expe- 
rience, should have some foundation in fact, and such appears to be 
the case. The accurate explanation of the factors involved, however, 
is by no means easy, owing to the difficulty of obtaining data on a 
question of this kind. 

As the reader will learn in the following pages of this bulletin, the 
bollworms, upon completing, during July, their growth in the ears of 
field corn, enter the soil and, after constructing a cell, become pupe, 
from which, in the normal course of events, the moths or parent insects 
issue about two weeks later. Observations have shown that many 
of these pupal cells are not made with sufficient care by the larve 
to permit of the ready escape of the moth from the soil. The most 
common defect is that the cell is not extended upward sufficiently 
near the surface of the ground so that there will be but a thin crust of | 
earth for the moth to break through.in making its escape. The occur- 
rence of a soaking rain and the consequent softening of the soil would 
permit the escape in perfect condition of many moths which under 
conditions of hard-baked soil must have perished in their pupal bur- 
rows. It has often been observed in the course of this investigation 
that moths were noticeably more abundant shortly after a soaking 
rain. This fact probably has its explanation, as above intimated, in 
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the increased number of moths which are able to escape in perfect con- 
dition from a moist, wet soil, as compared with a dry and harder one. 

Abundance of suitable food appears to be a vital necessity for the 
normal longevity of the moths.’ Thus, during July and August moths 
kept without food in the laboratory lived for about six days, which 
was about half the length of life of females supplied with food. Fur- 
ther, laboratory records show that oviposition does not really begin until 
after the female has been able to partake of food. The food of boll- 
worm moths during the months of July and August, under outdoor 
conditions, consists partly of such nectar as may be obtained from 
flowers, but principally of nectar from the nectaries of cotton flowers 
and squares, and it would appear reasonable that during periods of 
drought this nectar supply would be far less copious than during 
rainy weather. Occasional showers would at least furnish an abun- 
dance of water collected at the base of flowers and elsewhere, which 
the moths have been frequently observed to feed upon. So far as the 
adult stage of the insect is concerned, there would appear to be some 
foundation for the belief that the insects are more successful during 
rainy than dry weather. 

There is but little information bearing on the influence of climatic 
_ conditions on the pupal stage of the insect except that pertaining to 
the effect of low temperatures, which will not be discussed here. 

During the larval or bollworm stage it is most exposed to the attack 
of parasitic and predaceous insect and other enemies which, on the 
whole, are much more active during dry than rainy weather. Various 
species of wasps, principally of the genus Polistes, are very effective 
predatory enemies of the bollworm. From early in the morning until 
late in the evening, during fair weather, these insects may be seen 
busily searching the cotton plants for larvee, and the sum total of boll- 
worms destroyed by these hunters in the course of a single day must 
result in considerable pecuniary gain to the planter. Rainy weather. 
keeps the large majority of these wasps from the fields, and the boll- 
worms are thus permitted to develop to that extent unmolested. 
Other predatory enemies, as tiger and ground beetles and their larve, 
robber flies, etc., are also noticeably more active in fair than rainy 
weather, and the cessation of the attacks of these species during such 
weather is doubtless an important reason for the more serious depre- 
dations of the bollworm. 

An important hymenopterous parasite of the smaller bollworms, 
when on cotton or other plants where they feed more or less exposed, 
namely, Microplitis nigripennis Ashm., appears, from general observa- 
tions made during the season of 1904, to be out in greatest abundance 
during clear weather; and this is probably true of other parasitic 
insects, such as Tachinid and other flies. 
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Trelease’ observed more than thirty years ago that during dry 
weather, and on the drier situations of the field, ants were much more 
abundant and hostile to bollworms than during rainy weather, or on 
the lower and more moist parts of the field. Several observers have 
advanced the theory that the absence, during dry seasons, of both 
the boll and cotton worm is largely due to the effectiveness of several 
species of ants in keeping them in check. The importance of this 
theory, in’ its bearing on the subject under discussion, rests on the 
assumption of the predatory habits of the ants. From our own obser- 
vations we are not inclined to attach much importance to the work of 
ants, for the reason that frequent and close observations of these 
insects in cotton fields and elsewhere have failed to verify previous 
statements of their habit of voluntarily preying upon bollworm larve. 
Under certain conditions, as when provoked, several species of ants 
have been observed to attack and kill small bollworms, but the few 
instances when ants have been observed feeding on larvee in the fields 
have not been free from the suspicion that the worms had been pre- 
viously injured and more or less disabled, as by one of their fellows. 
At no time during the past two years have any of the native cotton- 
field ants been observed, under natural conditions, to voluntarily 
attack bollworms. 

It remains to mention a fact doubles of considerable impor tance, 
namely, that rains produce in the cotton plant a rapid and more succu- 
~ lent growth, which, by furnishing the larve an abundance of tender 
food, greatly favors their development. This and the increased food 
supply for the moths under these conditions, as well as the increased 
percentage which are able. to escape from the soil, are reasons which in 
themselves are almost sufficient to account for the greater destructive- 
ness. An illustration of this is to be seen almost every year in the 
known greater destructiveness of bollworms on ‘‘ bottom-land” cotton 
where the soil is moist and more fertile and the weed growth stronger, 
as compared with the injury on the more stunted growth on uplands. 
It is probable that the moths are primarily attracted to the ranker cot- 
ton by reason of the greater nectar supply, and eggs are deposited on 
these plants during the course of their feeding. 

The influence of shade, as during cloudy and rainy weather or by 
reason of the luxuriant tore of cotton in closely planted rows, is 
also apparently favorable to the larve, but it is to be noted that these 
feed readily without seeming discomfort on the exposed portions of 
the plants, often in the direct rays of the sun. 

In the egg stage the bollworm is subject to parasitism by a minute — 
chaleidid fly (Zrichogramma pretiosa Riley), the importance of which 
in destroying bollworm eggs doubtless varies much with the character 


«Comstock’s Rept. on Cotton Insects, Washington (1879), p- 3/8. 
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of the weather. It is almost certain that these minute insects are not 
active during rainy weather, as they could scarcely live under such 
conditions. It is further probable that they are actually destroyed in 
large numbers by the rain, despite their efforts to secure safe retreat. 

As opposed to the favorable influence of rainy weather on the boll- 
worm by interference with the work of its natural checks must be 
‘mentioned the considerable destruction of eggs under the same condi- 
tions which are favorable to its increase in other stages. A heavy rain 
has the effect of washing from the plants to which they are attached 
many of the eggs, the great majority of which are destroyed by the 
combined mechanical effects of the rain and particles of soil. Fre- 
- quent observations before and immediately after heavy rains leave no- 
doubt that many eggs are thus destroyed. 

The foregoing remarks have been confined to an explanation of 
some of the factors involved in the greater destructiveness of boll- 
worms to cotton following rainy weather in late July and in August. 
The month of August, including during some seasons the last week or 
ten days of July, marks the period of danger from bollworms. The 
tendency on the part of the planters has been therefore to limit the 
influence of weather conditions to about this period. The insect, how- 
ever, is subject to these same conditions in its several generations 
from early in the spring until late in the fall, and during the winter 
the pupe in the ground are probably much influenced by climatic con- 
ditions. The possibility of severe injury to cotton in July and August 
therefore depends also on how they have been able to maintain their 
numbers during the balance of the year. Owing to their rate of mul- 
tiplying in geometrical progression, the destruction of a pupa during 
the winter, or of a larva in young field corn in the spring, would 
diminish the possible number of bollworms ready to attack cotton in 
August by many thousands. Their abundance or scarcity on cotton 
is therefore seen to depend on other conditions than those existing 
during the immediate period of injury. 


INJURY TO COTTON FROM OTHER CAUSES THAN THE BOLLWORM. 


The known capabilities of the bollworm to injure cotton has led to 
its being charged with practically all forms of injury affecting the 
squares and bolls, aside from that done by the boll weevil, and the 
seriousness of its ravages has thus often been greatly exaggerated, 
especially by those not accustomed to examine closely into matters of 
this kind. As is shown on a later page, there are a few insects affect- 
ing both corn and cotton which might, from the character of their 
work, be mistaken for bollworms. These are, however, relatively 
unimportant in the extent of damage. Certain hemipterous insects, as 
Calcoris rapidus Say, Homalodisca triquetra Fab., and Largus cinctus 
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H.-Sch., are known to occur on cotton plants and puncture the squares 
and bolls more or less, but ordinarily, according to our observations, 
these species are not the occasion of much injury. Much more 
important, however, is the shedding of squares and young bolls, or 
their drying up on the plant, which is in no way the result of insect 
attack, but is a physiological trouble. Injury of this character has 
often been pointed out as due to bollworms, and, on the whole, it is 
not ordinarily distinguished by planters from the work of this insect. 
Interesting observations on this trouble were made by Dr. G. F. 
Atkinson when biologist of the Alabama Agricultural Experiment 
Station, and reported in Bulletin No. 41 of that station. The impor- 
tance of the subject warrants the presentation from that publication 
of certain remarks which throw light on the character of the malady: 


The shedding of bolls or ‘‘forms,”’ or their death and drying while still attached 
to the plant, is very frequently a source of great-loss to the cotton crop. The trouble 
has been long known, but one widely. prevalent and disastrous form has been mis- 
understood. It is often confused with the work of the bollworm, with punctures - 
made by some hemipterous insect, etc. That some of the shedding is due to the 
work of the bollworm is true, but the shedding referred to here is a purely physio- 
logical trouble. 

During three years’ observation in Alabama the author found this physiological 
form of shedding to be very serious. It occurs most frequently in extremes of either 
dry or wet weather, or during the change from one extreme to another. It may 
occur to some extent under normal climatic conditions, especially if the cotton plants 
are too thick, or the variety of cotton is one which develops a very large amount of 
- fruit forms in proportion to the leaf surface. 

During a normal period of growth the plants put out as many fruit forms as could 
be matured should the conditions favorable to growth continue. If a very dry 
period succeeds this, interfering with the supply of nutriment and moisture, thére 
will occur a partial withholding of tissue-forming material and moisture at a very 
critical period in the life of the young ‘‘forms,’’ and the tissues of the young fruit 
are forced into an unnaturally matured condition. The fruit, including the pedun- 
cle and often more or less of the surface tissue of the stem at its point of attachment, 
becomes first of a paler green color than the adjacent parts of the plant, so that a 
well-marked color line delimits the healthy from the unhealthy portion. In many 
cases the tissue is separated at this line, so that the fruit falls off completely or hangs 

by a few fibers to the stem. The early growing season may be exceptionally favor- 
able for the development of a large plant with an abundance of young fruit, and if 
followed by even ordinarily normal conditions will result in a partial loss of this 
fruit. A long rainy season may also cause the young bolls or forms to fall, the soil 
being so saturated with water as to interfere with root absor peg and the assimila- — 
tive activity of the leaves will also be disturbed. 


Observations have been made at different times pean on the 
amount of injury from the bollworm as compared with that from other 
causes. The following table made up from observations by Mr. C. R. 
Jones indicates the character of results in general. Squares were 
picked at random from the cotton plants in passing through the fields, 
and afterward examined and classified. Five hundred squares were 
picked from each field. . 
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Taste IV.—Injury to cotton by bollworm and other causes. 


Number 
Number Berane | 
Number jof squares Sduares 
Date. | Place. of good | injured ons all Remarks. 
squares. | by boll- th 
worm Cre 
causes. 
bye eeNV Harton; TeX 2 0s.....ceec-55 168 i 331 Bee injured by boll 
weevil. 
TOURS: TUS N SUG S tebe ld eee en eee 472 3 2 
Given Comanche, Pex 2.0... .22¢2 45. ABS Ns set: aoe 17 
July 24 | Groesbeck, ee field No. 1..-. 411 37 52 | Some injured by weevil. 
July 25 | Groesbeck, Tex., field No. 2.... 454 26 20 
July 27 | Gilmer, Renee thre sae Pt 489 6 5 
Aug. 4] Mineola, Tex., field No. 1.-.--. 446 23 31 
Aug. 5 Mineola, Tex., held Now2:-222-" 444 21 35. 
Avice Gsiebrovidence; Tex......-...-: eee 342 91 67 
TOTEM! Sere ae a sepeearas ae verre 3, 709 208 583 
| | 
Pers Cepeomeeli lm Ured DY DOMWOrM2s. 2. 3.6 e2 es. ot ocean cea cece esto ceesckeec nee seceeencceeee 4.6 
Petes cen GimjutedsTOMm-Other CAUSeS.2\..2 (a. 6.2 ede 2). eee ew nee eb a vee neta enteeseee 12.9 


EARLIER INVESTIGATIONS OF THE DEPARTMENT OF 
AGRICULTURE. 


The investigation of the cotton bollworm was one of the first ento- 
mological problems undertaken by the Federal Government. With 
the appointment of Townend Glover as entomologist to the division of 
agriculture of the Patent Office on June 14, 1854, an investigation of 
the insects injurious to the cotton plant was immediately ‘begun. In 
September of that year Mr. Glover visited plantations near Columbia, 
S. C., and made many interesting and important observations on the 
bollworm, as well as on other cotton insects. Many points in the life 
history and habits of this insect were determined, and at this early 
date the striking similarity between the bollworm and corn-ear worm 
was pointed out. But it should be here noted that their identity had 
been practically accepted by Mr. J. W. Boddie, of Jackson, Miss., in 
July, 1850, as a result of his own observations. <A brief report on the 
bollworm was made by Mr. Glover in the Patent Office Report for 1854, 
pages 60 and 64. The same insect is also treated under the caption 
of ‘* The Corn Worm,” on page 69 of this report, many of the essen- 
tial points in regard to its habits and injuries to this plant being set 
forth. As bearing on the control of the bollworm on cotton at this time, 
Mr. Glover states that, according to Mr. B. A. Sorsby, of Columbia, 
5. C., when the corn on two or three plantations was carefully 
‘** wormed,” the bollworms did not make their appearance that season 
on cotton, although on neighboring plantations great injury was 
inflicted. Mention is made of a recommendation to light fires in vari- 
ous parts of the plantation at the time when the first moths make their 
appearance, and the statement is made that the moths are attracted to 
lights and will be killed in great numbers. Successful experiments in 
killing moths by attracting them to a mixture of vinegar and molasses 
are reported as made by Colonel Sorsby a year or two previous. 
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Concerning the control of this insect on corn, Mr. Glover states: 


The method to extirpate these insects would be to devise some method of destroy- 
ing the first brood of the perfect moths before the eggs are deposited, either by 
means of lights or the vinegar and molasses on plates, as by Cala 
Sorsby. 


In the Patent Office Report for 1855 Mr. Glover gives further 
observations on the bollworm and again refers to the remedial meas- 
ures previously mentioned. The possibility of poisoning the vinegar 
and molasses solution to kill the moths is suggested. Mention is made 
of the dissection of a single bollworm moth by Dr. John Gamble, of 
Tallahassee, Fla., which contained at least 500 eggs. 

In the Monthly Report of the Department of Agriculture for 1866, 
page 282, Mr. Glover, under the title ‘‘ Insects Injurious to the Cotten 
Plant,” ais presents previously determined facts concerning the 
bollworm without adding any points of importance. Three genera- 
tions at least are said to occur annually in Georgia. Nothing is added 
to the remedial measures previously indicated. 

Aside from frequent notice of injury from the bollworm in various 


parts of the cotton belt in the Monthly Reports from 1867 to 1876, Mr. . 


Glover’s work on this species seems to have closed in 1865. Mention 
should, however, be made of his ‘** Manuscript Notes from my Journal, 
Cotton and the Principal Insects, etc., Frequenting or Injuring the 
Plant in the United States,” a collection of illustrations of this class 
of insects bearing date of 1878 and issued for private distribution. 
Although Mr. Glover determined many valuable points concerning 
the life and habits of the bollworm, but little progress was made in 
the way of determining effective means of control. His recommenda- 
tions for the use of sweets and fires to attract moths to their destruc- 
tion have subsequently been shown to be of no practical value. 

The next important work of the Department pertaining to the boll- 
worm was begun July 1, 1878, in connection with an investigation of 
the insects injurious to the cotton plant, ordered by Congress. This 
work was in charge of Prof. C. V. Riley until the date of his resigna- 
tion as Entomologist of the Department of Agriculture, May 1, 1879, 
when the continuance of the investigation fell to Prof. J. H. Comstock, 
appointed to the vacancy. A special report was ordered by Congress 


from the Department of Agriculture on insects affecting the cotton: — 


plant, and this was submitted by Professor Comstock November 14, 
1879, entitled ‘‘ Report on Cotton Insects,” a work of 511 pages, deal- 
ing with the cotton-leaf worm (Alabama argillacea Hbn.) and the cot- 


ton bollworm, 28 pages being devoted to a consideration of the latter — 


insect. 

At this time, also, an investigation of the bollworm was in progress 
in connection with a study of cotton insects by the United States Ento- 
mological Commission, working independently of the Department of 
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Agriculture.. The results of the investigation of the United States 
Entomological Commission on cotton insects are contained in the Fourth 
Report of this Commission, by Prof. C. V. Riley, a volume of about 600 
pages, of which 29 are devoted to the bollworm. While the report 
referred to was issued in 1885, the work of the Commission was prac- 
tically completed in 1881. 

_ From these reports much was gained in knowledge of the injuries, 
life history, and habits of this pest, and sound remedial measures are 
suggested. ‘The character and scope of the work ‘may be best indi- 
cated by the presentation of the topics discussed in the report of Pro- 
fessor Comstock: 

The bollworm: Importance of the subject; Natural history; Nomenclature; Geo- 
graphical distribution; Food plants; The egg; The larva; The chrysalis; The moth; 
The number of eggs; Influence of weather. Remedies: Natural remedies; Artificial 
remedies; Topping; Poisoning; Handpicking; Destruction of the chrysalids; Destruc- 
tion of the moth. 

The principal points presented in this report are the wide geograph- 
ical distribution of the bollworm moth; the practically omnivorous 
habits of the larvee; the determination of the fact that the eggs of the 
bollworm are distributed quite generally over the plant, as foliage, 
stalk, square, and flower, and the feeding of the young larve on more 
or less exposed portions of the plant near the place of their birth; the 
hibernation of the pupez in the soil; habits of the parent moth; the 
determination of five annual generations for central Alabama; the fact 
of more serious injury during wet seasons; the possibility of killing 
bollworms by poisoning; the possible utility of corn as a trap crop, 
and the usefulness of fall plowing in more northern latitudes for the 
destruction of hibernating pupe. 

Many of these points were not original with this investigation, as, 
for instance, the recommendation of the possibile utility of cornasa . 
trap crop in protecting cotton. This idea appears first to have been 
suggested by Mr. E. Sanderson in 1858, as a result of his belief in the 
identity of the corn worm and bollworm, and his recommendations are 
set forth in the American Cotton Planter of 1858. Professors Riley, 
French, and others had also previously determined many of the points 
here presented. The report of the United States Entomological Com- 
mission on the bollworm, by Professor Riley, adds but little to our 
knowledge of the pest as presented in the report of Comstock, and 
need not be considered in detail. 

A special investigation of the bollworm was provided for by Con- 
gress in 1890, and this work was begun July 1 of that year, by Mr. 
F. W. Mally, working under the direction of the Entomologist, 
Professor Riley. The chief object of this investigation was to con- 
duct further experiments with remedies, as well as to verify the value 
of those already employed, and incidentally to ascertain new facts 
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concerning the life history and habits of the insect, and to verify or 
disprove what had been previously written concerning these points. 
The results of this investigation by Professor Mally are presented in 
Bulletins 24 and 2y, old series, of the Division of Entomology, and 
were issued in 1891 fae 1893, respectiv ely. 

Many detailed observations on the 1 injuries to corn cotton, and other 
plants were made, and a systematic series of experiments was con- 
ducted with aon insecticidal substances in order to determine their 
possible value in bollworm control. The value of corn as a trap crop 
is demonstrated and a definite plan is presented for its utilization by 
planters. Experiments with bacterial diseases were conducted, and 
the uselessness of attempts to attract moths to lights and poisoned 
sweets, as previously recommended, is pointed out. The reports 
together cover 123 pages, and bring together the important facts then 
known concerning the cotton bollworm and present for the first time 
results of any considerable experimental work. 

Frequent mention has been made of the bollworm as injuring cotton, 
corn, tomatoes, or other crops in the bulletins and reports from the 
office of the Entomologist of this Department, and recently (1896) a 
full account of this species, by Dr. L. O. Howard, has been distributed 
in Bulletin 33 of the Office of Experiment Stations,’ which was issued 
in revised form in 1897 as Farmers’ Bulletin 47, ‘‘ Insects affecting the 
cotton plant.” 

In spite of the work of the Department on the bollworm, but little 
progress had been made by the planters in its control. The recent 
increase of the ravages of the pest in certain parts of the cotton belt, 
notably in Texas, led to provision by Congress for another investiga- 
tion, and the present paper is a final report on this the fourth specific 
investigation of the species. The present investigation was begun in 
the spring of 1903, and continued to December 31, 1904. Reports of 
field work have already been published in Farmers’ Bulletins 191 and 
212 of this Department. 


LIFE HISTORY. 
SUMMARY. 


The eggs of the bollworm (PI. III, fig. 1) are deposited by the boll- 
worm moth upon the food plants of the larve, which are preferably 
corn and cotton, or less commonly tomato or tobacco. Each female — 
may lay from 500 to 3,000 eggs, which she deposits singly in a more 
or less promiscuous manner over the plants, more especially on the 
silks of corn and the squares of cotton. During the warmer parts of 
summer the eggs hatch after two or three days and the larve begin 
feeding. On corn they attack the tender bud in the spring and the 
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STAGES IN THE LIFE HISTORY OF THE BOLLWORM. 


PLATE III. 


Fig. 1, Eggs on corn silks; figs. 2-7, larvee, first to sixth instars, respectively; fig. 8, pupa; 


fig. 9, adult female moth—all figures enlarged one-fourth (original) 
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tassel and milky ear later in the season; while on cotton, during August 

and September, the squares and the bolls are eaten. The larve bore 
directly into the squares and bolls through a small orifice which they 
make, and eat out a varying portion of the contents. This causes 
the squares to flare and drop from the plants, and partially or entirely 
destroys the bolls. The larve (PI. III, figs. 2-7) have molted five 
times and are completely grown in about two weeks during hot weather, 
at the end of which time they leave the food plant and burrow into 
the soil to pupate. In this stage (PI. ILI, fig. 8) another two weeks is 
passed before the adults (PI. ILI, fig. 9) of the next generation emerge. 
After the latter have been out for several days egg laying again begins. 
The larve and moths are extremely variable in color and markings, 
the former varying from a pale green through pinkish to dark brown. 
During the course of the summer in the cotton belt there are from four 
to six generations, while to the north the number decreases to two or 
three in the Central States and probably to a single one in Canada. 
The bollworm passes the winter in its earthen cell beneath the surface 
of the soil, emerging as a moth early in the spring. During the mid- 
dle of the summer in the cotton belt the entire life cycle occupies from 
3) to 35 days only, while in the spring and fall, and also in northern 
localities, it may extend over as much as two months. 


THE EGG. 


DESCRIPTION. 


The eggs of the bollworm are small white objects, scarcely one- 
fiftieth of an inch in diameter. On account of their rather pale color 
they are not very difficult to detect when 
deposited on green foliage or on dark- 
colored corn silks, but on the paler silks 
one must look very closely before they can 
be seen. A number of eggs are repre- 
sented considerably enlarged on Plate IV, 


: E t Fie. 2.—Egg of bollworm; side 
figure 2; also see text figure2. Following is spi jog ctlees (Geely: 


a more minute description: 


Width, 0.48 mm.; height, 0.50 mm. Shining, waxy white, faintly tinged with 
yellowish. The form is almost dome-shaped, except that it is slightly narrower at 
the extreme bottom and widest about the basal third. Base flat and apex obtusely 
rounded. Micropyle elevated, somewhat conical; its sides finely longitudinally 
grooved; the margin circularly roughened. 

The sculpture is rough and consists of fourteen primary polar ribs which converge 
toward the apex, where they become obsolete. Between these is a series of second- 
ary ribs which are more irregular, often bifurcate at the apex or joining the primary 
ribs. Spaces between the ribs transversely furrowed by a series of oval depressions, 
between which are fine transverse carinee. These latter do not rise as high above 
the surface as the polar ribs and are much more delicate. 

The shell is rather tough, and, although the eggs are quite delicate, they are not 
very easily crushed. 
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OVIPOSITION. 


The eggs are laid usually in the early part of the evening, between 
- sundown and dark. During the summer months the moths are not 
infrequently seen flying and ovipositing on cloudy or dark days, or 
very rarely even on bright ones, but this is the exception. Egg laying 
begins some two or three days after emergence from the ground if the 
female has been fertilized by the male; otherwise it may be delayed 
for some days longer. Quite often solitary females kept in confine- 
ment in the laboratory deposited large numbers of infertile eggs, but 
_ this probably rarely happens in nature. 

On account of the different circumstances surrounding oviposition 
on corn and cotton, the process on these respective plants will be con- 
sidered separately. 

OVIPOSITION ON CORN. 


Although the moths which appear in early spring from hibernating 
pupe lay a few scattering eggs on other plants, such as various garden 
vegetables, by far the greater number of them confine their oviposition 
to young field corn. As soonas the corn has attained a height of from 


10 to 16 inches oviposition begins, but it does not become general until 


the plants are somewhat more advanced, like those shown on Plate IV, 
figure 1. The earliest records in Texas for 1904 are: Victoria, March 
26; Beeville, March 28; Austin, March 31; Calvert, April 2; Terrell, 
April 22; Paris, April 20. After these dates the eggs become gradually 
more abundant, although variable in number, scarcely ever being 
entirely absent in corn fields until the ripening pate later in esa season 
become no longer attractive to the moths. 

The following table, compiled by Mr. F. C. Bishopp from counts 
made on young corn during the spring of 1904, shows the average 
deposition at that time: 


TABLE V.—Oviposition on early corn. 


| 
- Approxi- 
yo Total mate 
Date. Locality. F Height of plant. plants ex- pen ae number 
Eire of eggs. | eggs per 
| amined. plant. 
1904. 
ACE. 235 | LOOTSIC HINA cl OX ae oe Bate cis alc oe renee 12 TOO TeCt ee eee eee 200 66 0. 33 
Apr. 1244|Eenipsbead, Tex. 45135 e a tacseee Ito feets2: eee 150 3883 2.5 
IAT) 2b a MAL OUSPON AN OX oe cote) Sole ga sea 12 feet< 3: 2225 eee 10 0 0 
FAUT are Oi WLCLOTIA. MEX 5 eer eos een ea ee i to-o tects perseeeee 150 22, 0.14 
ADE 27! San ANTONIO, Mex. 23) fos- beig. + Seen 25tO'S LECE se se epee 125 40 0.32 
ANT aS) (WW RCO. ERs, ser hom one hs ee ie Ss Anse ae 8 inches to 2 feet. ..--.- 125 40 0. 52 
wpr. 29 }Arlinotone Pex \ es. keno 2s ok 1 todeieets 2 eeaeee 125 32 0. 25 
J RAN Sal ll B28 CRS Dye apes ag. CN OY a ate fto 2ieetee eee 150 150 1 


These records are practically the first which show any considerable 
number of egg's pr esent. Deposition throughout the remainder of the 
season is shown in the two following tables, one from Calvert, Tex., 
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from counts made by Mr. G. H. Harris, and the other from Pomona, 
Ga., from counts made by Mr. Mark Riegel. In each case twenty 
plants were examined at an observation, and, as the corn had been 
planted at regular intervals, plants in fresh silk could be chosen in 
most cases. 


TasLe VI.—Comparative oviposition on corn throughout the season. 


CALVERT, TEX. 


Number Number Number | Number 
Date. eggs per || Date. eggs per Date. eggs per Date. eggs per 
plant. plant. plant. || plant. 
1903 | 1903. 1908. 1903. 
With? Saeeea ee O66 | une 7 25 OS 25a Ulivi ee ees 22550 Min septs Das sace 11.80 
Misi 2608.22 25.5. .00 |} June 24-...... NOON PAU Pato Ase cee 805) S@pts 1G 2-322 - 4.90 
(AOA De POOH eulysl ess ase 15s | Ae ee ee ese AZ300) |} Spt. 232 4255 2.20 
UME Ses os SU dilly aes LOFSO?| | AUS HALON oes 155607 MOC aso ee 1.10 
JUEGO 252s POA iedialey: We ere, a Dl PAIS 2GIs see DEUS OCs (ieee eee ma}9) 
wumeslO=.22- -.- SND Ai) clude oe eee eS #200) i Septs 22555. 5- 2Oy2On ln OCt 4 ee. eee . 50 
POMONA, GA. 
1908. 1) 1903. | 1903. 1903. 
ManrsQssss.<- 2 115 5) || Sidi eee ae 2OKA0MI PAU PS Oe eee. as PMT Septedl2anse 9.35 
PUMCG ese... PECL el sr an Ul Ee eee We OO) || PANIES bE S27 2460))}) Sept. 19e---—- 8. 85 
DUNE Wass soe saan tulle eae HOOF PA Oea 22 eo as 18:20 || Sept. 26....-.. 6.60 
PUMe20 S22.) SH DULY 20a a 2h SOR AN 9 eee ae 4 SOF Oct lOes a. == 5.10 
JN Bre Se Dey | AMIE eli ee oak LAGS" |||POCU GIDE a aee 16:90>|| Oct. 242 -. — - { . 60 


These tables are quite irregular and do not show the dates of maxi- 
mum oviposition for each generation as well as might be hoped, but 
the data therefrom will be referred to later, in their bearing on the 
number of generations during the season. No doubt a great propor- 
tion of these discrepancies are due to local weather conditions and to 
the variable maturity of the corn plants at the time the eggs were 
counted. 

For comparison with Table V another one, compiled from records 
made by Mr. C. R. Jones in the season of 1904, is given herewith: 


TaBLE VII.—Oviposition on corn in silk, Texas, 1904. 


2 Eggs on— a 
S S 
5 ay 4 & 
ies é | 8 a 
Date. | ° Locality. “ ‘g Condition. g S 2. 
35 a | eB pied Sp 
, 5 Sra 6 a it ae ea ds 3 > 
A ‘= =) oD) wm | a oD) H < 
1904. 
wuly 15) Wharton, Tex .....- PSU Ka Oot rete cose = 901 | 259 | 1,058 | 22 14 0 | 2,249 | 89.9 
July 24 | Grossbeck, Tex..... 27} Deets wo Silks= 4) 97 | 16}. 4... = Seea| eet! 0 113 | 4.52 
aulyese|;Gibner, Tex....:... Deals onl alae ey) ee 11 5 8 | 4 0 0 105 | 4.2 
July 30 |} Quinlan, Tex....... ie SOn |), ASSEN eos... Bg Wein epee Re ened 547 | 10.94 
Aug. 11 Ben Franklin, Tex. A STU oh eee eee 306 | 77 456 | 44 | 137 | 236 | 1,256 | 62.8 
Aug. 16)| Paris, Tex .-........ OI ese Gopeeee ees 242 | 36 338 | 41 | 148 | 184 989 | 98.9 
Aug. 19 |} Quinlan, Tex....... Did ig ek GOMES eee DSA ft 265 | 27} 60} 81 678 | 23.1 
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These records are in sharp contrast with those of Table V, show- 
ing a general average of 37 eggs to the plant instead of a little less 
than L egg to each plant. The largest number of eggs observed dur- 
ing 1904 was 989 on 10 plants, or nearly 100 per plant. Some counts — 
made during 1903 exceed by far those for 1904, and are also —- for 
comparison. 


Taste VIII.—Oviposition on corn in silk, Texas, 1903. 


eae Eggs on— | 5 3 
Org Ps fs 
: gBe Es . : Se 
Date. Locality. Sea Condition. g y G E- : me 
: a8 , is be S Z = 5a 
SAS 5 S zs a i) > 
Z. 4 w 73) a a < 
1903. : 
May ei3s| wWietorian Lex. “2222 326 SINGIN gs ee ae ee oe 210 |) 1,106 |. 2847 12h ie yar 344 
Aug. 21.| -Willspoint, Tex......... DS lore ars (ok ees eae 830 511 | 122) 660 | -2, 123 707 
Sept. 4 | Calvert, Tex......-..... Veniaris seat finesse ae 553} 633 | 241 | 307 | 1,734 | B47 
| : | 


From this great number of eggs most likely only two or three larvee 

would succeed in attaining full growth and pupating. From these 
same tables a comparison can be made as to the proportion of eggs 
laid on different parts of the plants. In every case where silks were 
present, these bore the largest number of eggs in the following ratio 
to the other parts of the plant: 


TaBLE [X.— Distribution of eggs on different parts of corn plant. 


Upper | Lower | 
side of side of Silks. Sheath. | Tassel. Stalk. 
leaf. leaf. 


1904: 
Nii ber 2: Oss ae ee ee 1, 694 | 388 2,197 138 359 SPsp0L 
Per G@nG cet cen ae ee Cee Sys: Fes 40.8 2.6 6.8 9.5 
03: 
Nitnrbers: en Soo: Se Ne a eee treo Salsece 2 oa ke 2, 250 647 1, 088 (@) 
Per Cent, c6- ee Sees dees Zhe UG rate eas ee 40.3 HE? 19.5 


a Not counted. 


This proportion varies greatly under different conditions, but the 
above is quite reliable. Larve from the immense number of eggs laid 
upon the stalk, sheath, and leaves must inevitably perish, as do also 
the greater proportion of those laid upon the silks. The significance 
of this fact will be dwelt upon in the consideration of corn as a trap crop. 

Time and manner of oviposition.—Oviposition takes place usually © 
between sunset and dark, often continuing much later, and frequently 
moths have been observed to lay on corn and cotton at other times of the 
day. In the case of corn, the silks are usually chosen first if these are 
present on the plant; the moth momentarily alights upon the tip end of 
an ear, bends the abdomen sickle-shaped beneath her and moving the tip 
about among the silks, deposits several eggs. (See Pl. V.) After this 
process, which requires only a few moments, she will usually fly away, 


Bul. 50, Bureau of Entomology, U.S. Dept. of Agriculture. PLATE IV, 


CRA tees 


FiG. 1.—FIELD OF YOUNG CORN AT PARIS, TEX., AT ABOUT THE AGE IN THE SPRING 
WHEN IT BECOMES ATTRACTIVE TO MOTHS FOR OVIPOSITION (ORIGINAL). 


Fig. 2.—A NUMBER OF BOLLWORM EGGS ON A PIECE OF BLACK PAPER, ENLARGED 
ABOUT SEVEN TIMES (ORIGINAL). 


Bul. 50, Bureau of Entomology, U. S. Dept. of Agriculture. PLATE V. 


TIP OF EAR OF CORN, SHOWING BOLLWORM EGGS ON THE SILKS. 


In the upper right-hand corner are a few eggs, on silks, enlarged about four times (original). 
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often returning after several seconds to repeat the operation on the 
same ear. Then flying from ear to ear the oviposition continues, with | 
an occasional visit to other parts of the plant to lay on the tassel, leaf, 
or stalk. Some moths show much less steadiness ot purpose and fly 
about much more irregularly, ovipositing promiscuously on all parts 
of the plant. 

_ When cowpeas are present between the rows of corn, especially in 
fields of June corn in Texas, and very generally in field corn in other 
Southern States, they receive a number of the eggs, the moths feeding 
on the peas at intervals between the periods of oviposition. The 
advantage of planting cowpeas in corn is thus evident, for the moths 
do not leave the corn fields as they would if food were scarce, and 
oviposition is confined largely to the corn. If food is not to be had 
in the corn fields the moths are compelled to move about in search of 
it, many of them flying to cotton fields, where food is always to be found 
if the plants are ‘‘ squaring” or blooming. 


OVIPOSITION ON COTTON. 


As may be gathered from the foregoing, oviposition on cotton does 
not begin until the season is well advanced. Owing to the very suit- 
able condition of field corn for oviposition early in July, when the 
maximum number of moths of the second generation are laying eggs, 
but few of these moths oviposit on cotton. The resulting larve from 
the small percentage of eggs which are thus laid may, however, cause 
the destruction of a few of the earliest squares. By the time the third 
generation of moths has begun to emerge, which is about the first of 
August in northern Texas, the field corn has begun to dry and the 
ears to harden, so that it is no longer attractive either for food or for 
oviposition. The moths are now attracted by the food offered by the 
_nectaries of the cotton plants in the adjacent fields and desert the 
ripening corn almost entirely. 

Time and manner of oviposition.—The process of oviposition is not. 
continuous, but is varied by alternate periods of feeding and resting. 
As soon as twilight begins, the moths commence to leave their hiding 
places and fly about. At first their principal desire seems to be for 
food, and they fly from plant to plant feeding on the drops of moisture 
on the flowers and at the nectaries on the squares. Soon periods of 
ego-laying and resting are interpolated and later oviposition goes on 
rather steadily. The moths seem to fly about almost without purpose 
and to lay eggs wherever they happen to alight if they can obtain a firm 
foothold. This last seems to be rather important, for most of the 
failures to lay were noticed on the upper sides of the leaves, where it 
is difficult for the moths to catch hold with their tarsi. The abdomen 
is bent sickle-shaped beneath the thorax and the eggs pressed against 
the desired spot with the ovipositor. Quite often several hasty 


+ ee ee 


’ 
Y Fe ‘ . Oe oe Se 
. ~ Ww veh 
oe ee 


attempts are made before an egg is laid. <A strong, healthy moth, 
however, does not often fail to lay. From one to two seconds are 
-usually required for each deposition. When possible the body is held 
either with the head up or horizontal when ovipositing, although 
when feeding the body may be turned at almost any angi without 
apparent inconvenience to the moth. 

In order to obtain the foregoing data regarding oviposition on cot- 
ton some 34 moths were followed in the field at dusk, and the portion 
of the plants upon which eggs were laid was carefully noted at each 
deposition. Most of these records were made between 7.15 and 8 
o’clock in the evenings during the first week of August. At that time 
the moths were so common that the greatest difficulty in following 
them was to avoid confusion of the observed moth with others in close 
proximity. 

The appended table gives the individual records of a few of the 
moths, together with the totals for the entire lot of 34 moths. 


TABLE X.—Distribution of eggs on the different parts of the cotton plant. 


Part of plant. Individual records of 11 moths. of 34 el 
moths. | °©" 

Lower surface of leaves.........--- Talpeoule 19 | 18 |*11 PAS a mcs heen ab | i! 191) 1657 
Upper surface of leaves.........-..- Meta 36 | 8): 9°) 16) | 223) [>> Sa) SES een eee 194 | 17.0 
SWANS os ey oes os a lee ae Oe Ae iL 28 | 35 | 32 |- 37 | 8 | 24] 2] 31 326 | 28.5 
GOWAN TLPSa sae os ee ee er 814 > 2 By | LOC Oy Ole 2 oles Os iat ato. 46 4.0 
HIOwers a5 ee ae ee ee Pra ire ELEIE fo) (lps 2 2 | “45 Tan sp 110 9.7 
SHOUTS 5 oe hee ee eee ees se 7 ee a Ds Bo eS A el i ee | ae 64 5.6 
Petwoles ric as ests eee ane ee Oo 4a ul Sees EL Om 0: } 2:05)" 60s aia ea 29 2.5 
ODS es 2 a Oe) ae eee eae ese en ek 2 |.°5 | 25.) © 35] 0.) 4a) eae 120 | 10.5 
WiGEdG22 cc ease es eh eine: sae Oras OO Ga e Oe Onl 05 | 2a ep ‘20 ig 
Objectsion"eround =) a2. o2-- eee (eecOha' SO) |: oll 2 Se DE ee Sr| b> OCS On Oe aa 21 1.8 
Wead Aeavesi sees: oe. el See oe Oe Onl aes 4), 2) 0) 2 2: On Onan aae 20 17 
MotaleegesiaiGdaee sas sae AD OF aT 84-1120 | 94.) 139 | 2i-| 56.) Wan) S700 ve tesieies eae 
Time observed, in minutes. .....-.. 8 | 8 | 15 Sle Gminoe | 65 | 21 205) tOa220 AGN sme cece 
Number of plants visited -.......--. 60 | 50 | 25 | 149 | 40 | 80 | 120':| 15.) 70) 2805 ale Sole p liters rere 


In all, the deposition of 1,141 eggs is recorded upon 1,175 plants. 
The very close correspondence in numbers might suggest that one egg 
is usually laid to a plant by each moth, but this is not true, as many 
receive none at all and others a considerable number. A total time of 
28,440 seconds was occupied, which gives a probable average of twenty- 
five seconds between two successive depositions, and allows for the ovi- 
position of some 280 eges each evening during a period of two hours. 


This is not far from the average obtained from observations on moths 


laying in confinement. While this may bea good general average, it 
is inapplicable to any special case on account of the great individual 
variation among different moths. 

Distribution of eggs on cotton.—More eggs are laid upon the squares 
than upon any other part of the plant except the leaves, although only 


28.5 per cent of the entire number are so placed. The fact that 


| 
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71.5 per cent are deposited elsewhere than on the squares has a very 
important bearing on the question of poisoning the young larve, and 
will be referred to again in the following pages of this bulletin. It is 
quite possible that the large number of eggs laid upon the squares is 
accidental and due to the attraction offered by them on account of the 
nectaries at which the moths feed. At any rate, they appear to ovi- 
posit indiscriminately wherever they happen to alight on the plant. 

It is by no means unusual for a moth to oviposit occasionally on 
dried leaves or sticks beneath the plants, or even on the bare surface 
of the ground itself. It appears that old and worn females do this 
‘more often than strong and healthy ones. 


OVIPOSITION ON OTHER PLANTS. 


The remarks on oviposition would not be complete without some 
reference to the great variety of plants on which the eggs are laid. 
- The following table contains the records of the eggs found on miscel- 
laneous plants during the seasons of 1903 and 1904: 


TaBLE XI.—Record of eggs found on miscellaneous plants, 1903-4. . 


Date. Locality. Plant. Remarks. 
Apron UAGdOnin, TCX. 55... ..- IROSebudSaeuse esac cc aes es ce Several eggs (in cemetery). 
Apres 200| Victoria, Tex. ........--5. ROSebUd ay. eea masters eee A single egg. 

Apr. 20 | Greenville, Tex ..........|..... Ger ee ase ee ese seme Do. 

Atpre a0: | Hethy, Lex o ..02--22...- Allium canadense .....----.- Numerous, 3 to 4 on each head. 
May 1-2) | 2. =< ED 35 ees opener I Beseee GO ease She ece ee eee’ A few. 

Miiver2o. | bars Dex 2.22. )50.-655525- MomatoraySae. tee sass 223 8 eggs on 15 plants. 

Miva 20s ViCtoria. REX... 2.05. ..-.. SAV IOKS) U3 Gre SOG em eee ene acre A single egg. 

lve 2Oniebaris, Dexe!. 2. os ccedgeces Tobacco (buds)......-.-..-- A few. 

aul Dh ss a COP eee tie sc aon Olerance eye sst sess eemee ee 1 on a dead flower. 

Sys LONE «sa COP ene ehinsssencsee COWDERS Sires. eckson ee Very scarce on the plants. 
ily, oe COPE Sree iss ae Coals he Amarantus spinosus...------ 1 to a plant. 

Jeby: 16 |. 2... GOP ase sss B52 Ae ae Oe Solanum mammosum.......- 2 or 3 to a plant. 

live AS) sss (Oa lee ee eee Sean PAM ORANTUSESPs tease seen es ..| A single egg. 

aul Oa ee OO 4585 ese tee Asclepias tuberosa..-.-.------- Scarce, 2 on 20 plants. 
Jiliys 24 3). 3.0: (C10) Season becocnoneEeeae Euphorbia corollata ......--- A single egg. 

by) 29) ec GO ener eee ase cae AMON ONEUS SW etee we a)- 3-2 = == Do. 

PAIS ee S25 3 OP ets acticin ka cee JOHNSON! SYASS! (2s 52 see = es Do. 

ACIS Pa (Ss... GORE Estee sats eas Asclepias tuberosa..--------- A few. 

ADC. oo Calvert, TeX. 2.52.60. .--: Mie ty eee ie oe aoe 17 eggs on 14 heads. 

JATHE» GN et eS Neo: Og oes ee @rabyerass 2 2 se ec ses A few. 

Aug. 3 |c.2- Cc ces aee (eee Osagelorange:s cs. 220-552 -5 A few on leaves of small bush. 
AUIBY Pes Mloesce OBS EG Soe ae ae rene Carpet weed. 220. 5.0.5.0 5-: Quite numerous. 

mpaman Calvert, TEX. 5 2 55.c.65-..: Datura stramonium .......-- Rare. 

VANISe CASS oe 2 GIG) 15: eS See ee Neary Seedling bindweed......... Neglects cotton to find it. 
Aare. 4s 5% (C10) ae Sena gn eee Cocklebur, 2252226. 252s. 5.24 A few. 

Auer br) Paris Tex 225.5. reteetae cease (CRASS SS este See eae Locos oh 3 eggs on many plants. 
ANIC ET YD) Iisa GO sence eee ee ks Okra podsiean.. eee series Rather abundant. 
AMES \eset. COM on se eee nee ces Asclepias tuberosa......----- 3 seen. 

Aue teal vert, TeX «2. .ccocsce Virginia creeper........--..- A single egg. 

INT fa See (LON ed eee ee pee THODMEO:S Dalit seem ace ee ae Lays freely. 

NCTE (0) a (O10 5 Re ere = ee Aa Sedge grass................. 1 egg on a blade. 

Amen 10 Panis, TeX. 23.0222 scs. Peachtree: s. Soi 6 sa. base A single egg. 

Oct 267425 .25 GOR an. See shee eee LOSE ONCE eS a Ree geet Do. 


In addition to the above, the following plants were noted bearing 
bollworm eggs, the dates of observations not being recorded: Canna 
indica, Nicotiana repanda, alfalfa, beans, sorghum, Milo maize, Stachys 
agraria, and Panicum texanum. 
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Some 32 plants on which eggs have been found, or upon which moths 


have been observed to oviposit, are included in this list. A number — 


of these are present as weeds in corn and cotton fields and the eggs 
deposited are more likely laid on account of proximity than otherwise. 
In the case of the wild-onion flowers and rosebuds it is probable that 
the scarcity of food at such times (April and October) attracts them to 


these plants. Indeed, roses in gardens and cemeteries seem to be the 


first plants chosen for oviposition early in the spring. Oviposition on 
alfalfa, tobacco, etc., is by no means accidental, as the larve thrive 
well on these plants. The number of miscellaneous plants is sufficient 
to show, however, that under certain conditions no very careful selec- 
tion is exercised by the female in ovipositing. 

It must be mentioned that garden vegetables were at all times very 
free from bollworm eggs, especially in the spring and fall. _ This is at 
variance with the records of a number of observers, who have found 
larvee common on such plants. 


The occurrence of larve on miscellaneous plants will be considered 


on a later page. 


NUMBER OF EGGS LAID BY A SINGLE MOTH. 


Numerous moths were kept under observation at various times 
during the season to determine the number of eggs which would be 
deposited under different conditions. 

Observations on early spring moths in fhe northern part of Texas 
- seem to indicate that the number of eggs laid by them is rather small, 
averaging only 415 for each moth of a series of ten which were kept in 
the laboratory. At Victoria, however, in the southern part of the 
State, moths developing from overwintered pupe averaged over 1,200 
each for a series of five moths. 


TaBLE XI1.—Daily oviposition records of moths. 


Locality. pean Died. Egg-laying record on consecutive days. - Total. 
Baris, Pex - uc - May 13.| May 18°). 36.) 260:| 50): 10) 130\_ |. 7) 3) ee eel eee 486 
DOG es 2 - May 12)" Mayr 19>) 7 103) v425) 919 8) 78. 270) LO es Soe eee | eee eter tee 437 
DO ee 5 25. May 12 | May 20. 48 | 167)159 | 66 (38 | 23 | 32 | 62)|.-- eee eee 585 
Victoria, Tex..| Apr. 25,| May 4 | 147 | 140 |. 165 | 100 | 246 | 152 | 64; 6] O |105}.--/....)__. 1,125 
Do SAB Men May 10 |} May 14 7).556 | 245.) 184) 14 | 92) oo eat 2 eee tee erate 1, 218 
BOs eae May 9 | May 16 | 671 | 441 | 405 | 189 | 113) 148° 76" LNG: | yee ee tte eee 2,159 
bi a aaa May 7 | May 19 | 404 | 107 0 0 | 148 | 50 | 45 | 26 | 32 | 26 | 8 | 50} 9 905 
DOVE et a= May 7 | May 13 | 74) 85) 148 | 193 | dio) 117 9\98 )-. - )oe eee ene eee 830 
Paris, Nex 224 July 16) |}, Sully S48 oh aa ee oe lees ease all eee | ees |e aaieid oetee eee lene see 1,325 : 
ON Sere a July 18 | July 27); 8] I} 23) 15) 29 | 60% 33 | 53)) 20) .o0i ee ele 297 
Ohare hee os July 23] Aug. 1 | 780 | 542 | 404 | 337 | 251 | 221 | 71 | 95 | 12) 5|]-..-|.-..}..- 2,718 


General average for each moth, 1,098. 


It will be noticed that there is nearly always a gradual decline in 
the number of eggs laid during each succeeding day. In the case of 
a few moths, more than one day shows a considerably greater oviposi- 
tion than the others, the number of eggs rising to one maximum, 
decreasing, and then rising again, thus resulting in an irregular curve, 


rT 


a i 


Oi ahh wasn 


49 


like the one shown in figure 3, A. In others the egg laying gradually 
rises to a maximum and then declines, as shown by B, of the same 
figure. 

DEPOSITION OF INFERTILE EGGS. 

All of the data given above are records of deposition of fertilized 
egos. In the case of one female which had not mated and was hence 
laying infertile eggs, 1,723 were deposited, showing that the growth 

of eggs in the ovaries must apparently go on without any reference 
to fertilization. © 


EGGS REMAINING IN THE OVARIES AT DEATH. 
In nearly all female moths at death there are in the egg tubules of 


the ovaries a number of fully formed eggs. This number varies from 
a very few to over 300 in different individuals. About 70 may be 
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Fie. 3.—Diagram showing, A, regular and, B, irregular oviposition curves (original). 


considered a fair average. Besides, there are in the ovaries a number 
of much smaller eggs, in which the yolk has not yet been formed. 
These ‘‘ potential” eggs are much more numerous in females which 
have laid comparatively few eggs during life, and fewer in others 
which have deposited the full number, varying thus from 2,000 to only 
50 or less. | 
EFFECT OF FERTILIZATION ON EGG LAYING. 
Some interesting facts bearing on this matter were observed by Mr. 


Girault in the laboratory. Several females which had been deposit- 
ing infertile eggs were allowed to mate with males, and an accelera- 
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tion in oviposition was at once apparent. Following are the oviposi- 
tion records for each night, the time of fertilization being marked by 
the separating vertical line. 


TasBLe XIII.—Effect of fertilization on egg laying. 


| Infertile eggs. Fertile eggs. 
Moth Not.) oa.88 sete Sete: 41 | 50] 45) 385) 23 894 | 71 | 227 | 150 | 26 | 36 | 33 | 34] 17] 3 
Min tise Novo. a5 setae oes fee es | Rkes [Pee 3 4 7 337 | 122 | 27 7 |: 402-20" pace cle ace eae Sle 
INFOUNING: 3 Sets fee ee hates SL} 209°}. 180 | 29391570.) G19) }) 200, |. alee ee ee 


CHANGES IN EXTERNAL APPEARANCE. 


The original uniform white color of the egg persists for a period of 
about fifteen hours. At the end of this time the upper third has 
usually acquired a tint which is noticeably more yellowish than the 
rest of the egg. The lower part of this yellowish portion gradually 
darkens until, about thirty hours after the egg is laid, it has become 
reddish or brownish. This brownish color deepens until, at the end 
of thirty-six hours, it is quite distinct, even to the naked eye. The 
outlines of the band are often broken or irregular and an additional 
reddish spot, much less evident than the band, can now usually be 
seen near the micropyle. When about forty hours have elapsed, the 
whole egg has acquired a dull appearance, and the pigmentation of the 
brownish band is also alittle deeper. After this the whole egg rapidly 
becomes dusky four or five hours before hatching and the brown zone 
is obscured. 

EMBRYONIC DEVELOPMENT. 


In order to connect the real development of the egg with the series 
of external changes indicating its growth, it may be well to summarize 
briefly the embryonic development. 

The egg is fertilized shortly before it is laidand development begins 
immediately. After about twelve hours the blastoderm is completely 
formed and the beginning of the germ band several hours later causes 
the appearance of the pale brownish ring when the egg is from fifteen 
to eighteen hours old. The development of the embryo and the for- 
mation of the appendages during the next twenty-four hours are indi- 
cated by the deepening of the color. Finally, the disposition of the 
pigment in the chitinous skin and tubercles causes the blackening of 
the egg just previous to hatching. 


HATCHING. 


The head of the fully developed embryo larva is quite plainly to be 
seen through the eggshell, as is also more or less of the coiled body. 
The head is now directly under the micropyle, and the body of the 
larva extends backward with its dorsal surface pressed against the egg- 
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shell. It follows the shell thus down the side, across the bottom and 
up the other side, until the anal prolegs at the posterior end of the 
body are just beneath the head. The embryo, in making its escape, 
bites viciously with its mandibles at the hard, tough membranes of 
the egg, and gradually the spot weakens and the head of the larva sud- 
denly bursts through. It can now easily enlarge the hole until it is of 
sufficient size to crawl through. Once this is done, the larva is free 
from the egg in about two minutes. The whole process, from the 
first attempt to pierce the egg membrane until the larva is excluded, 
requires but a few minutes. In two cases where the exact time was 
noted it was thirteen and sixteen minutes, respectively. 

The exit hole is usually large, with very ragged edges, situated on 
one side of the egg between the base and apex. The empty shell is of 
a translucent white, with a distinct purplish iridescence seen in cer- — 
tain lights, more especially when viewed against a dark background. 
Jt retains its original shape. | 


SHRINKING OF INFERTILE EGGS. 


The changes in external appearance undergone by infertile eggs are 
sufficiently different from those of normal fertilized ones to merit sep- 
arate mention. One fact is important. From thousands of infertile 
eggs laid by moths in the laboratory not a single one ever hatch: d or 
showed the slightest external signs of embryonic development. Almost 
as soon as they are laid infertile eggs acquire a distinctly yellowish 
color, and within a few hours begin to shrivel up. After twenty-four 
or thirty-six hours they are always greatly shrunken and are acquir- 
ing a dusky color. From the very first they are higher and more 
conical than the normal eggs, this shape being accentuated by the 
shrinking, which occurs principally in an equatorial direction. 


EATING OF SHELLS AND EGGS BY NEWLY HATCHED LARVZ. 


In the great majority of cases the newly hatched bollworms do not 
go immediately in search of food, but turn their attention to the - 
deserted eggshell. Not content with the portion already gnawed out 
in their attempts to escape, they start anew to eat the shell. This 
may last only for a few minutes, or, again, may continue for nearly 
an hour. Frequently the entire shell is consumed, although often 
only one-half or three-fourths of it is eaten. What may be the benefit 
derived from eating the tough chitinous shell is rather uncertain. 
The idea that the larva derives any nourishment therefrom, or that it 
- destroys the shell to remove traces of its own presence on the plant, 
can hardiy be accepted. Nevertheless, the eating is a very constant 
habit. 

After this is done the larva begins wandering about in its search for 
food. Quite often in captivity, when large numbers of eggs are close 
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together and plant food is scarce, they may develop cannibalistic pro- 
pensities and begin feeding on adjacent unhatched eggs. Owing to 
the way the eggs are scattered about in nature, such an occurrence 
must be rather rare under normal conditions. 


PERCENTAGE OF EGGS THAT HATCH. 


In all lots of eggs laid by fertile females, the percentage that fail to 
hatch is so small that it was disregarded-except in a few cases where 
careful counts were made. These show that of 493 eggs 6 did not 
develop, giving an average of 1.22 per cent, or about 1 in a hundred. 
This is doubtless the approximately correct percentage for the hatch- 
ing of eggs laid out of doors. 


LENGTH OF THE EGG STAGE. 


During the summer of 1904 a long series of observations was made 
in the laboratory by Mr. A. A. Girault to determine the length of the 
egg stage at different dates during the entire season and at varying tem- 
peratures. In all, the developmental period for over 4,300 eggs was 
recorded. These Tene may be tabulated as follows: 


TaBLE XIV.—Length of the egg stage at different dates throughout the season at Paris, 


Tex., 1904. 
Date of hatching. Length. Date of hatching. Length. Date of hatching. Length. 
Days. Days, Days. 

ATI aG sie 8.2 see 8 JUREOOS eee once ae 22+) ATipaist. Slee 25 .e- eee 23 
Ny 09 el ae i a LEON AROUND EA 2 ons Bas ea Se 3 September 2.........- 2» 
JAgTy TVA LR a ens ae ee 8 JUNG 26.25 ee wet eeeee 3 September 1222 aenes 22 
A DINOS ices: sears eranee B24 | re ULIN erro eet oe eee oe 22 || September 25.225 s_- 3h 
Many tS. sn ee ee Aryl caval Oe Maa eee te Se eee 22 ||. September 30/2222 -a235 3+ 
IEA eee ee Sr 2 ae A OUD De mera ores 22 | October 9s--2eeee ee 42 
Maney Es os ue in eae 4D i July yess. Bae See 25.) Octoberd22 223s. -=-e4 4 
May 29. tec eer eee Pa pea pel TOWN ay Ue teesara ee eS ete ee 22"! October 142252 eeeeees 42 
Miao 32 5252 Soe eas ee 4 ALN a) IS eye a eek Sat. 24 || December 1...-........ ily) 
SUMO 3s so ceee ee eee Oe || JUby 207 oo one. senescee 23 |) 
UGE Sees eee 3 Wa) aS eae ees ae ae, 3 


A clearer conception of the varying length during the season may 
be had from the following curve (figure 4), which is based on the data 
given in the table: 

In general it is seen that during the warmer parts of the season the 
egg period is much shorter than in the spring and fall. Although the 
embryonic period is thus inversely proportionate to the temperature, 
it is not so in any constant ratio. A number of calculations regarding 
the sum of effective temperatures” to which different lots of eggs have 


a4¥Following the theory of Merriam (Nat. Geog. Mag., VI, 229-238, 1894), the sum 
of mean daily temperatures above 43° to which the eggs had been exposed during 
development was calculated with the following result: Lot 1, April 14-22, 189°; 
Lot 2, June 22-25, 111°; July 15-18, 105°; November 1-17, 203°. Assuming 45° to 
mark the inception of ae onic dey elopment, the figures agree somewhat more 
closely: 178, 105, 100, 169. The summer sums are lower than the spring ones in 
either case. 


| 
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been subjected fails to show any very constant ratio between the two. 
Under normal conditions the longest egg period recorded in the spring 
was eight days, and in the fall seventeen days. 


EFFECT OF REDUCED TEMPERATURES. 


Aside from the numerous records of the length of the egg period at 
different temperatures under normal conditions, a few experiments 
were made to ascertain the effect of much reduced temperatures on 


_ Fig. 4.—Diagram showing relative length of egg stage during season of 1904, Paris, Tex. (original). 


embryonic development. The first series consisted of six lots which 
were placed in an ice-box where the temperature varied irregularly, 
between 50° and 60° F. The appended table summarizes the results: 


TaBLeE X V.—Effect of low temperatures on embryonic development. 


Num- 


At OS ey 
Time in 
ber of Age of egg. F Remarks. 
eggs. ice-box. 
; Days. 
4 | Brown ring present -. 13 | Eggs showed no development until removed, then hatched 
aiter 48 hours. 
1 | About to hatch........ 2 | Egg showed no development until removed, then hatched 
after 3 hours. 
APS ONG WILY. laid o.oo. acne 3 103} A very few developed the brownish band, afew shriveled, 
and the greater portion remained white until removed, 
: when they hatched after 2} days. 
WESTBY A pees ikG) CES Ee ae ee eS 10 | Were dark at the end of 10 days and hatched on being 
_taken out. 
00s Eos 4 GOW etek fe hte 33 | Eggs developed a wide brown band and became orange 
yellow; 12 hours after removal they darkened as if to 
hatch, but shriveled instead. 
ba ee CAC ae ee ee 13 | After 13 days many were hatching, while about 50 were 
hardly developed. 


The effect of much lower temperatures was tested at the Paris ice 
factory, where the management very kindly placed at our disposal their 
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cold-storage vaults for these and other experiments. The following 
temperatures were tried on two lots of eggs, some freshly laid and 
others partly developed. After the periods mentioned the respective 
lots of eggs were removed and the get aa a eee noted, as 
shown in the table: 


TaBLE X VI.—Effect of lower temperatures on eggs. 


atancrwentt: First series—eggs with trace} Second series—brown ring 


of brown ring. well formed. 
S42 TH AOR ASHMNOUTS hee es ieee ae eee en ees About 90 per cent hatched..| Practically all hatched. 
34° F. for 24 hours, then 27° F. for 72 hours.| About 50 per cent hatched. . D 


O. 
34° F. for 24 hours, then 27° F. for 24 hours,| About 25 per cent hatched-..| About 33 per cent hatched. 
then 18° F. for 72 hours. 


It. is evident from the figures in the table that eggs which are 
further developed are less susceptible to the effects of cold, and that 
the eggs are able to withstand short periods of cold better than longer 
ones. Although there was only about twelve to eighteen hours differ- 
ence in the age of the eggs in the two series, the proportion hatching 
from the older one was from 10 to 50 per cent greater. Some of the 
larve hatching from these eggs were kept to see if they had been 
weakened in any way by the cold, but all seemed as healthy as larve 
hatched under normal conditions. The shock to the egg in the experi- — 
ments must have greatly exceeded that caused by any sudden cold 

spell to which they might be subjected in the early spring. | 


EFFECT OF ATMOSPHERIC CONDITIONS. 


Moisture and dryness seem to have no effect on the time required 
for development. A number of eggs submerged under water shortly 
after they were laid and others placed in a desiccator dried by sul- 
phuric acid, hatched in practically the same length of time as a check 
lot under normal conditions. This resistance to atmospheric conditions 
is no doubt due to the thick, impervious, chitinous eggshell which 
prevents the transpiration of water vapor to any extent. 


EFFECT OF SUBMERGENCE ON EGGS. 


In the spring a good proportion of the eggs are deposited on young 
corn plants; they are often subjected to wetting by heavy rains which . 
occur during this season of the year, and at times are washed down 
into the ‘‘ bud” where the rain water accumulates. To ascertain how 
much submergence under water the eggs are able to withstand, a 
number of experiments were tried in the laboratory. On June 4, 84 
freshly laid eggs were submerged in six lots for periods varying on 
twenty-five minutes to four hours. Of these only 2 failed to hatch, 
and these were not in the lot which was under water longest. At 
another time a card with 35 eggs attached was placed ‘in a vial of 
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water. The eggs had been laid about eighteen hours and were left 
under the water for three days. At the end of this time 8, or 23 per 
cent, had hatched and 3 larve remained, drowned in the water, while 
the other 5 had crawled up into the air and escaped. From this it is 
evident that the short periods during which eggs are exposed to 
extreme moisture in nature can have but little influence on them. 


EGGS DESTROYED BY STORMS. 


A very important factor, however, and one which undoubtedly 
causes the destruction of immense numbers of eggs, is the mechanical 
force of the rain during violent storms. Although they are rather 
firmly attached, the combined effects of rain, wind, and sandy parti- 
cles washed against the plants removes many eggs. On two occasions 
during the spring, May 16 and May 29, plants in the laboratory gar- 
den known to have had eggs on them were examined after the rains 
and most of the eggs were found to be missing. Regarding field con- 
ditions, no positive data are at hand, but the unusual scarcity of eggs 
on corn after hard rains was evident on several occasions. 


EFFECT OF SUN ON EGGS. 


There is an opinion held among many planters that a large number 
of eggs, when laid on exposed portions of the plant, are destroyed by 
the rays of the hot midsummer sun. This led us to try the experi- 
ment of subjecting eggs to the direct rays of the sun. On August 30 
a lot of 20 eggs which had been laid on a dried cotton leaf were pinned 
high up on a cotton plant, where they were in continuous sunshine 
during the day. All hatched after the normal period. Again, a few 
days later a moth was caged over a few leaves of a growing cotton 
plant, and some 50 eggs were laid on the upper sides of the leaves. 
After this the cage was removed and the leaves slanted so as to receive 
the perpendicular rays of the sun. The eggs were in no way injured, 
however, and practically all of them hatched normally. 


THE LARVA. 


When the young larva hatches from the egg it is scarcely over a 
millimeter in length, and during growth it molts or sheds the skin six 
times before becoming a pupa or chrysalis. Very exceptionally one 
of these molts may be omitted, the bollworm pupating after only five 
molts. Each successive instar is larger, and the larva grows more 
and more rapidly as it nears maturity. The larve were carefully 
studied by Mr. Girault during the course of his breeding work, and 
the technical descriptions included in the following account have been 
prepared by him from notes made at that time. 
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The larva is of the usual noctuid type, resembling in general aspect 
some of the cutworms, with no peculiar characters which will readily 
identify it. (See Pl. VI, figs. 1 and 2.) It varies so much in color 
that considerable study was necessary before a good detailed deserip- 
tion could be drawn up. It was found convenient to choose one of 
the predominating forms as a type and refer other varieties to it. The 
following is a description of this especially common form: 


Body dark, the ground color pale ocher-yellow; the upper side brownish, marked 
- with nine (or seven) fine interrupted longitudinal lines of yellowish white, inelud- 
ing the median line. The latter bordered with broader 
lines, which are slightly darker than the ground color. 
The upper side stripes dull orange or brown, as wide as the 
lower or stigmatal stripes, which are pale yellow and con- 
spicuous. Thoracic segments paler. Head reddish-yellow 
or brownish, spotted; the cervical shield varying from red- 
dish-yellow to shining black, more or less marked with 
whitish or with a pale dash along each side. Anal shield 
obsolete. Body beneath pale, with glaucous median and 
Fie. 5.—Head of boll- lateral stripes (absent in the first three stages). Tubercles 
worm larva—ventral shining black, i and ii@ on first and second abdominal seg- 
view (original). 2 é : 
ments and i on the eighth abdominal segment more con- 
spicuous, those behind the ninth segment Eoneoloreus with the body. Thoracic 
legs black, prolegs pale. 


This color type is very constant in all larvee through the first two 
instars, fairly so in stages three and four and in many larve until 

maturity. 

_ During the first three instars a midventral row of orange spots is 
invariably present, becoming faint in 1V? and disappearing in V. In 
the first three instars the anal shield is dusky and complete.. In the 
first instar (and sometimes in the one in spring and fall) the head 
is black. 

The simplest variations from this type consist in a change in the 
ground color, in the color of the fine lines on the dorsum, or in that 
of the lateral stripe. A very slight change in depth of color to rust- 
red or orange-yellow is common. A change to pinkish or greenish 
leads to the two other color types next to be considered (Pl. VI, 
figs. 2 and 3). 

These begin to appear in stages IV and V, ose at the as of 
molting or, more rarely, suddenly during an ee The first of these - 
is characterized by a greenish: ground color and general absence of 
darker or lighter markings. Occasionally this type shows dark stria- 
tions and thus passes over somewhat to the brown type. In other 
specimens rose-colored side spots are developed which serve more or 


«These numbers refer to the classification of hs tubercles as given by Doctor 
Dyar. 
’ The Roman numerals refer to the respective stages, thus: I, II, III, IV, V, VL. 


Bul. 50, Bureau of Entomology, U. S. Dept. of Agriculture. PLATE VI. 


VARIATION IN COLOR AND MARKINGS IN THE BOLLWORM. 


Fig. 1, Dark-colored bollworm resting on leaf of cotton plant; fig. 2, three larve, seen from the 
side, showing color types—upper larva, green; middle, rose; and lower, dark-brown colored; 
fig. 3, five larve, showing color variation, seen from above; fig. 4, dorsal pattern of markings 
of dark-brown colored larva—figs. 1-3 enlarged twice; fig. 4 four times (original). 
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less as a transition to the third type, which is pink or rose colored. 
The dorsal color pattern in a dark type of larva is shown in Plate VI, 
figure 4. 

| DESCRIPTIONS OF INSTARS. 


Following are the detailed descriptions of the different stages of a 
_ generalized larva.“ No reference is made to the color variations or to 
slight individual differences shown in the specimen at hand: 


STaGE I. 


At exclusion from the egg the tubercle areas are pale and the cervical shield 
characteristically crescent-shaped, its posterior margin regularly convex, the anterior 
margin concave on each side and acutely produced medially. Shortly afterwards both 

become normal for instar I. 


Millimeters. 
PeEEIPeNenet ah Matching =... 25. 5.452 --6s- se bse s sonst eee 15 
Pomoc lene betore ecd ysis ........---+.---+-55--- 42-2266 3.8 
Meare WwriGin al head cast... 22.2... 22621 lsedenoee lech ake Ss 


‘“‘Semi-looper.’’ Body slender; pale translucent, yellowish in certain lights; 
greenish after feeding. Surface minutely hairy. Head much larger than the follow- 
ing segments, cordate; shining black, bearing many sete. Mouth parts, ocellar — 
spots, and antennez pale. Cervical shield shining black, sometimes paler, bearing 
eight small tubercles arranged in two rows of four each; shape broad, peltate, the 
anterior and posterior margins emarginate or sinuate, the sidesoblique. Anal shield 
dilute black, quadrate, emarginate behind; bearing eight small tubercles. Legs 
dusky, furnished with many stiff setee. Prolegs pale, their shields quadrate, dilute 
black, the latter being in reality the blackened area surrounding tubercle vii; the 
anal pair with an inverted V-shaped dusky marking on the lateral aspect; the two 
anterior pairs shorter than the others, first one-half as long as third and fourth and 
the second slightly shorter than the third and fourth. Spiracles inconspicuous, 
black. Body beneath pale, the ventral nerve ganglia showing through as single 
round orange spots on segments I to X. 

Tubercles minute, situated in large irregularly circular dusky areas which are 
absent in the larva directly after exclusion from the egg. Tubercles arranged as 
follows: 

Segment I: i—viii placed in two rows of four each above and in front of the spiracle. 

Segment II: Ten tubercles in a transverse row across the segment, the line curv- 
ing forward; i smallest, ii largest, twice the size of the next smaller and equal to v. 
A single tubercle above and behind the leg. 

Segment III: Arrangement the same; i smaller than i of preceding segment and vi 
farther back. 

Segment IV: i, ii, iii, and iv, circular, equal; seen from above i and ii form a trape- 
zoid; i slightly larger than ii; seen from the side iii, iv, and v form a triangle 
surrounding the spiracle, iv in the stigmatal stripe; vi absent; vii and viii minute, ina 
transverse row. 

Segment V: Arrangement the same; vii and viii in a triangular group on the 
venter, the first or outer of vii largest. 


“Combined from a series of twelve bollworms hatching from eggs laid by the 
same moth and reared under identical conditions. 
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Segment VI: Arrangement the same; vii consisting of two, viii normal, at the 


interior base of the proleg. 

Segment VII: Arrangement the same; vii and viii the same. 

Segment VIII: Arrangement the same; i and ii equal; vii and viii the same. 

Segment IX: Arrangement the same; i and ii equal, smaller; vii and viii the same. 

Segment X. Arrangement the same; i smaller than ii; iv farther back and below 
the spiracle; vii consisting of but a single tubercle, forntit with viii a transverse 
row on the venter. 

Segment XI: Arrangement the same; i and ii equal, tamer forming a square when 
seen from above; vii and viii as in segment X. 

Segment XII: Arrangement the same; i and ii forming an inverted trapezoid, iii 
nearer to ii, iv opposite v of preceding segment; v and vi absent, villi apparently 
consisting of two contiguous tubercles. 

Segment XIII: Eight minute tubercles in two transverse rows of four each on the 
‘anal shield, the posterior row following the outline of the margin; vii minute in a 
triangular group outside of the anal proleg; viii single, at inner base of proleg. 


Srace II. 
Millimeters. 
Average lensth alter-ecd ysis 2.55255 s.0202. es ee 3. 85 
Average length before ecdysis......- ~...-...----2-- peers EA 6. 50 
Average width’ .of.head. casts... 542 dc ee ie lems . 49 


Body stout, tapering slightly before and behind, head smaller than the following 
segments. Head shining, black or paler with mottled markings, bearing scattered 
‘sete. Ocellar spots brownish red. Cervical shield shining black or paler, trapezoidal 
when seen from in front, bearing eight setze. Anal shield dark, paler at base and 
tip. Legs shining black, paler at the joints. 

Body marked as follows: Ground color pale greenish, with comparatively broad 
median and dorso-lateral lines of orange or brown, which are interrupted at the inci- 
sions and are less distinct on the thorax. The dorso-laterals branched at the middle 
of each segment, giving out dorsal and ventral arms. The former forms another 
interior parallel line and the latter embraces tubercles iii and iv. On the sides of 
the body irregular paired lines of orange or brown define incompletely a faint creamy 
stigmatal stripe. Body beneath pale greenish with a median row of orange spots 
which fade out behind. Anal prolegs marked at the base behind with a looped 
dusky line. Spiracles larger, black, and resembling the tubercles. 

Tubercles shining black or dusky, their sete black. Arranged as follows: 

Segment I: Eight on cervical shield, as in i; two contiguous ones above and in 
front of the spiracle in an oblong kidney-shaped area; two other contiguous ones in 
front and below the spiracle; one in the center of their large black area and the other 
at the edge; also two contiguous tubercles at the base of the leg. 

Segment II: Twelve tubercles in a transverse row across the segment, the lower 
(vi) inconspicuous, its area absent; i and iv equal, one-half as large as iii and y; ii 


slightly smaller than iii; vii situated behind iv and v, forming with — a triangle; 


the tubercle ne the base of the leg ieee ies to iii. 


smaller. 
Segment IV: i, ii, and ili equal, iv and v equal and smaller, all in circular areas; 


i and ii forming a trapezoid when seen from above; iii above the spiracle, iv behind 


the spiracle, and v below; vi present, in a line with the thoracic leg tubercles; vii 
and viii in a transverse row of three on the venter, the outer of vii minute or absent 
and the inner much larger. 
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Segment V: Arrangement the same; v much farther below the spiracle; vii and 
viii in a parallelogram on the venter, the outer of vii minute or absent, the inner 
equal to viii. 

Segment VI: Arrangement the same; vii in an a renied triangular group of three 
exterior to the proleg; viii minute, on venter at inner basal angle of proleg. 

Segment VII: Arrangement the same; i and ii slightly smaller. 

Segment VIII: Arrangement the same. 

Segment IX: Arrangement the same. 

Segment X: Arrangement the same; ili irregular; iv below and behind the spir- 
acle; vi smaller; vii and viii in transverse row of two on the venter, vii much larger 
than viil. . 

Segment XI: Arrangement the same; i and ii forming a square when seen from 
above; iii, iv, and v equal, closer to the Ba vi Samir closer to v; vii and 
viii in a row of two, equal. 

Segment XII: Arrangement the same; i, ii, and iii equal and smaller than iy; i 
and ii forming an inverted trapezoid seen fos above and i, ii, and iii forming a tri- 
angle seen from the sides; vii and viii in a transverse row of two tubercles, of which 
vii is the larger. 

Segment XIII: Arrangement the same; viii double, situated at i inner basal angle © 
of anal prolegs. 


Srace III. 
Millimeters. 
Pere ienvthatter ecdysis. ...-..-.-5-<-+-+s--+2--+-6-----5- 8. 96 
Peraeeniencrn, Werore CCdysis'.-. .- 2. bo -~ on ee n4n--- =n 10. 92 
ena eawie ii Ol Mead CASt 2 6. occ eee eee eee eee cee . 80 


Body slightly narrower on the three anterior segments and suddenly sloping 
behind on the eleventh segment. Ground color pale, translucent, marked as follows 
on each side of the pale yellowish median line: First, a line of reddish; second, an 
equal line of yellowish white; third, a broader line of reddish; fourth, a narrower 
line of yellowish white; fifth, a stripe of reddish; sixth, the pale yellowish stig- 
matal stripe, more or less interrupted in the center of each segment. Following 
these below the spiracles is an irregular brownish stripe. Under side of body pale, 
except for brownish marks descending from above. Orange spots generally visible 
except posteriorly. 

Head reddish yellow or darker, spotted with dusky markings which leave a more 
or less distinct inverted V-shaped mark on the front. Ocellar spots pale with dark 
margins, placed in a curved line... Mouth parts pale. Mandibles fine toothed, 
darker at the tips. Cervical shield dark, or pale with the margins darker; broad, 
with the front margin straight and the posterior edge concave, sides curved, pos- 
terior angles truncate or obtuse; sometimes with paired line of spots near the median 
line; its disk transversely impressed behind. Anal shield much smaller, dusky, 
three or four sided, emarginate in front, its disk roughened. Legs black, bearing 
many stiff sete. Prolegs pale, their shields shining black, sometimes paler. The 
anal proleg with an inverted V-shaped marking on its shield. Prolegs about equal 
in size, first pair slightly larger. Crotchets or claws consisting of at least twelve 
pieces. In locomotion, larva humps segments I and II of abdomen. 

Tubercles nearly the same as in Stage II, much larger and their setz larger and 
stiffer. The margins of the tubercular areas quite irregular and the smaller tubercles 
circularly roughened. On the cervical shield the two middle tubercles of the pos- 
terior line are nearer the median line and a little farther forward. On segments I 
to ILI, vi is larger and circularly roughened. On segments IV and V, iii is largest, 
iv and the second of vii each a little smaller and each fully five times larger and some- 
what blacker than the others in groups vii and viii. On segment X, ii is closer to 
the median line, so that i and ii form a square when seen from above. 
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Stace IV. 
. Millimeters. 
Average length after ecdysis =.2-.--..524220 2202-2 15. 65 
Average length before ecdysis. - 2... -.-J2242. 523. so 
Average width of head cast ....-...--..------ oo! <3 1. 33 


Body slightly narrower behind. Pale translucent, minutely hairy; marked as 
follows: 

Dorsal surface reddish, the median line pale yellowish, as are also sine more pale 
lines on each side of it. Of these the lateral ones are broken behind segment X. 
The dorso-lateral stripe isa deeper rust-red and the stigmatal stripe which lies imme- 
diately below is broad and pale yellow, sometimes tinged with brown above. ~ Below 
this is a stripe of reddish brown which is waved along the lower margin, embracing 
tubercle vi, narrowing gradually beyond the sixth abdominal segment and embracing 
the bases of the thoracic legs anteriorly. Underside of body pale, with indistinct 
brownish marking on the basal abdominal segments; median line of orange pete 
sometimes to be séen, as is also a pair of grayish side lines. | 

Head equal to following segments; brownish yellow or brown, with darker oval 
spots, and an oblique dash on each epicranial lobe, which forms an inverted V-shaped 
marking on the front; surface furnished with many pale sete. Mouth parts darker 
and gular surfaces pale, the ocellar spots in a strongly curved line. Cervical shield 
shining, blackish, with a conspicuous pale dash along each side, a faint pale median 
line and four pale spots which form a square on the disk. Shield broad with obtuse 
angles, the front margin sometimes notched, the sides and posterior margin sinuate. 
Anal shield inverted, crescent-shaped, triangular, or four-sided, dusky or concolorous 
with the body. Legsshining black. Prolegs pale, except anal ones, which are black 
with whitish markings externally behind, the area of tubercle viii dusky. Prolegs 
about equal in size, first and second pairs more slender. In locomotion the hump 
at the base of the abdomen is less noticeable. Spiracles black, inconspicuous, more 
noticeable before and behind. 

Tubercles about the same as in Stage III, but more conspicuous and with black 
setee. On segment I the two contiguous pairs are directly above and behind the 
spiracle, respectively. On segments II and III, tubercles i, ii, and iii gradually 
increase in size by about one-half, respectively; tubercle iv often as in the next 
instar; vi adjacent to v onsegment IJ. On segment IV,i and ili are equal and the 
largest, and ii, iv, and v equal, each about half as large as 1; i, ii, 111, and iv are con- 
spicuously conical and the second of viii sometimes marked with paler dots. On 
segment V, iv is closer to the spiracle, and iii and iv are adjacent, the latter irregular. 
On segment VI, i and ii are equal and ii is the largest. On segment VII, vi is 
slightly larger and more depressed; still more so on segment VIII, while on segment 
IX it becomes very large and quite flat. On segment X it is again much smaller 
and nearly the size of iv; on this segment iv is below and behind the spiracle almost 
in a line with v. On segment XI, iv and vi are again equal. On segment XII, 
i is the largest, and iii one-half smaller. On XIII, the anal segment, vii consists of 
five tubercles on the outer side of the anal proleg, and viii is the same. 


Stace V. 
Millimeters. 
Average léngth after ‘ecdysis’.2. 22 2220. Sane eee ee do aoe 
Average length before ecdysis. tu. -5- ee ee ee 28, a2 
Average width of head. cast. 22.252 2.0425 522 c eee ee — 2.08 


Body tapering slightly behind; translucent, the ground color ocher-yellow or paler, 
marked as follows: Median line pale yellowish, bordered on each side by alternating 


lines of brown and pale yellowish; of the former there are three on each side, and 


of the latter four, the inner brown line being widest and the outermost pale one 
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indistinct. All of these lines were broken behind the eleventh segment. Following 
these markings is the broad darker brown dorso-lateral stripe, which is faintly 
streaked with pale. Below this is the pale stigmatal stripe which is bordered below 
and sometimes above with yellow. Subspiracular stripe poorly defined, followed by 
the gray stripes on the sides of the venter. Venter with a median gray or pale line, 
the nerve ganglia not to be seen externally. General color of thorax above paler 
than the abdomen. 

Head brown or reddish, marked much as in Stage V, front with an imperfect 
X-shaped pale marking. Mandibles brown, five-toothed, the two inner teeth minute. 
Cervical shield brownish yellow, with irregular pale markings and black margins. 
Shield broad, almost covering the dorsum of the segment, its surface microscopically 
sculptured into five-sided areas and bearing at the center a shallow transverse impres- 
gion. Anal shield colored like the body, the sides darker; shape triangular, with 
_ sinuate or notched margins. Legs and prolegs pale; the anal prolegs spreading. 

Tubercles inconspicuous; ispotted with dusky, ii spotted with shining black; i and 
ii are the largest on segments IV, V, and XI, where they are conical, shining black 
and conspicuous; iii and iv shining black, the latter inconspicuous; vii and viii con- 
colorous, their sete pale. Arrangement differing from that of Stage IV as follows: 
On segment I, the area of the first pair is oblong and the additional tubercles at the 
base of the legs are minute. On segments II and III, iv is flat, depressed, and circu- 
larly roughened. On the lower side, in front of the base of the legs, are two widely 
separated pairs of minute tubercles and a third pair at the outer bases of the legs. 
These tubercles first appear as a single pair in stage III. On segments V, VI, and 
VIL, i, ii, and iii are equal and iv is much smaller, v is below the spiracle and further 
from it than iii andiy. On the succeeding segments vi increases in size, equaling ili 
on segment VII, exceeding it on segment VIII, and equaling it on segment IX; after- 
wards, asinstage IV. On the last segment the two tubercles of viii form an oblique 
line. 


Stace VI. 

Millimeters. 
merase lemon aiter ecd ysis #242... 2-0- 25h. 2-222 -25e5e a stne O4a9De* 
Pmemcenieloul whem toll crown. o-22-s52- 2s 22-h 5-2 es 4-b sss 42.25 
cae ee MIL Ok MEAC CARY re2 oases ne sob Sane beet es ees 3. 95 


Body somewhat stouter than in Stage V, the first and second abdominal segments 
distinctly widened and the tip of the abdomen narrowed. Ground color opaque yei- 
lowish, body marked as follows: Median line pale, interrupted, bordered by a broader 
stripe of velvety black, which is finely lined with a pale streak. Aside from these 
the dorsal region is greenish-yellow, marked on each side by fine narrow yellow 
lines, the inner and outer ones broadest and the others often interrupted. Beyond 
the eleventh segment all are irregular, and the median black lines are fused together. 
Dorso-lateral stripe dusky, broad, and conspicuous, indistinctly marked by three fine 
broken pale lines. It extends from the head to segment XII, where it suddenly 
fades out. Stigmatal stripe broad and conspicuous, pale yellow, bordered below with 
whitish. It extends back from the head, gradually tapering to the base of the anal 
proleg. Below this the surface is irregularly marked with whitish. Under side of 
body greenish-gray, the middle and side stripes whitish, narrow, and quite conspicu- 
ous, except on the thorax and apex of the abdomen. Sides of the body below more 
or less tinged with pink. Thorax not paler. 

- Head brownish red, tinged with green, its sculpture and spots irregularly polygo- 
nal. Paraclypeus paler, transversely grooved. Clypeus densely grooved. Mandi- 
bles dark at tips, with an indistinct sixth tooth. The cheeks paler. Cervical shield 
brownish red, margined with black behind and along the sides, marked irregularly 
with white; the edge curved in front and straight or emarginate behind, and the 
disk with a median and two transverse impressions, its tubercles placed in minute 
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depressions. Anal shield triangular, irregularly marked with paler, its margins con- 
vex. First and second pairs of prolegs one-third shorter than the third and fourth; 
anal prolegs clasper-like. In locomotion the hump at the base of the abdomen is 
scarcely noticeable. 

Tubercles much as in Stage V; i and ii on segment IV and iii and iv on all segments 
shining black, the othersinconspicuous. On segment I thesecond pair are separated, 
the posterior one much smaller, and the pair at the base of the legs are separate and 


of equal sive. The additional ventral tubercles present in stage V are absent. On 


segments IT and III, tubercle iii is three times as large as i and ii; iv is minute and the 
ventral tubercles are absent. On segments IV to IX, iii is largest, i and ii are equal, 
and iy is farther forward. On segment IV, vi is closer to vii, and v and vi are equal. 
On segment V, v is smaller than vi, while iii and vii are equal. In the group, i is 
smallest, iii a third larger, iv twice as large, and ii four times as large. On segment 
VI, iii is just above and in front of the spiracle, and v and vi aresubequal. On seg- 
ment IX, ivis smaller and less distinct, v is farther down, near the base of the proleg, 
and vi is just above the base of the proleg. On segment X, i, ii, vy, and vi are equal, 
ili is smaller and closer to the spiracle, iv is distant from the spiracle, and vii is four 
times as large as vill. On segment XI, i, ii, and iii are equal, as are also iv, v, and vi; 


iv is just behind the spiracle, with vi beneath it, and viii far down on the side of the | 


segment. On segment XII, iii is minute and more depressed, directly belowi, and iv 
is in the stigmatal stripe at the posterior edge of the segment. On segment XIII, 
vii consists of 8 inconspicuous tubercles on the outer-side of the anal proleg, viii 
midway between the base and apex of the proleg on the inner side. 


POSSIBLE CAUSES OF COLOR VARIATION. 


In connection with the color variation above referred to, Mr. Girault 
has prepared a table showing the growth and color differentiation of 
three larve which proved to represent the three well-marked color 
varieties; all hatched from eggs laid by the same female (var. 
ochracea), and were reared during September under similar conditions, 
on cotton. 


TABLE X VII.— Variation in three larve reared under similar conditions. 


Instar. | 


Green variety. 


Dark variety. Rose variety. 

I. | Normal, marked distinetly | Normal, lemon yellow, | Normal, yellowish, marked 
with deep orange. marked with dull orange. with deep orange. 

II. | Dark, marked with dull orange.|; Pale, marked with dull | Marked with dull orange. 

orange. 
III. | Like the type, but lighter and | Olivaceous, marked with | Grayish, marked with dull 
greenish. See orange, becomingpaler orange. 
ater. 
IV. | Dark, greenish, marked with | Ground color pale ochreous | Typical at first, but after 24 
dull orange. marked with rust red; later hours changed to green 
with greenish lines above with dusky side stripes 
and conspicuous side and whitish stigmatals. 
stripes. 

V. | The usual brown type; oliva- | The usual brown type dorsal | Typical;side stripes brown; 
ceous above with olivaceous region greenish with yel- later pale green with pale 
side stripes and yellow stig- lowish lines; side stripes yellow lines above and 
matals. Twenty-four hours with crimson spots, stig- darker green stripes. 
later, dorsal region lighter matals pale, margined. La- Stigmatals pale yellow. 
and stripes very conspicuous. ter with the crimson spots 
Just before ecdysis, larva more distinct. 
green. ‘ 

VI. | Grayish; gray above with whit- | The usual pink type; pink | The usual green type; body 


ish and yellow lines; dark, 
the side stripes dark and the 
stigmatals yellow. 


above the pale lines; side 
stripes broad, velvety black; 
stigmatals reddish yellow. 


greenish, the stripes 
darker green and the 
lines above pale yellow. 
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Such facts as these show that the various color types may develop 
among bollworms grown as nearly as possible under similar conditions, 
and suggest that the matter is entirely an hereditary one. Neverthe- 
less the apparent predominance of certain types on various plants and — 
under different conditions led us to undertake some experiments along 
this line. Six lots of ten larve and one of three were fed on cotton, 
tobacco buds, tomato buds, Irish potatoes, flowers and buds of cow- 
peas, corn silk, and the leaves and spikes of Amarantus spinosus, 
respectively, but variations peculiar to each lot did not appear. The 
experiment was later repeated with twenty larvee from eggs of a single 
moth, fed on cotton, tomato, potato, and tobacco, but afforded no fur- 
ther results. Other experiments were tried by rearing larve in moist 
and dry atmosphere, and in light or dark situations, but no evidence 
was secured. Cold weather influences to some extent the color of the 
head. Normally this is black in the first stage and pale in the others, 
but in the spring and fall and in the ice box, the black color persisted 
through the second stage. 

In the field numerous variations, presumably due to environment 
were noted. Among larve feeding on cotton, the pale pink or green 
type is apt to predominate, except when feeding on the foliage, when 
bright greens and yellow make their appearance. On corn all three 
types occur at nearly all times, although green individuals with crim- 
son spots are rather scarce inmidsummer. Onalfalfaa uniform green 
type is most common. These dark greens, noticed in specimens feed- 
ing on foliage, may be due in great part to the bright-green color of 
the blood under such conditions. 


DURATION OF LARVAL INSTARS. 


This question was worked out very thoroughly by Mr. Girault in 
the laboratory at Paris during the season of 1904. Some thirty lots 
were reared with this object in view and the molts recorded as accu- 
rately as possible down to hours. The number is too Jarge to represent 
consecutive generations, and the life cycles of the different lots overlap 
one another more or less. The following table summarizes the entire 
number: | 


22051—No. 50—05——5 
oD) 


| No. of lot. 


Food. 


; Rosebuds 
Corn silk . 


escccee 

eeecee 
see ee meee 
eee e -UO 2222 ee cece 
ec eee ewes 


Cotton 


Cotton 


Average .. 


a Omitted. 


| Apr. 19-May 16-... 


64 


Taste X VIII.—Duration of larval instars. 


Period of growth. 


Stage | Stage 
Ve 1G oF 


oy 


Days. 


Apr. 1-May 9...-- 
Apr. 10-May 9 


May 15-June 8... 


June 29-July 17...) 
July 9-July 25 .... 


July 19-Aug. 2 
July 19-Aug.3 


July 29-Aug. 13... 
July 30-Aug.15 ..- 
Aug. 4Aug.19...-| 
Aug. 7-Aug.22.... 
Aug. 8-Aug. 24..... 
Aug. 8-Aug. 23 ....| 


Aug. 8-Sept. 6 


toes sept. 8 _-2:] 


Aug. 20-Sept. 1 


Aug. 31-Sept. 18 --- 
| Aug. 31-Sept. 16 ---! 


Aug. 31-Sept. 20.. 


Aug. 31-Sept.17--- 
Sept. 8-Sept. 25. ...| : 


Sept. 16-Oct.5.... 
Sept. 20-Oct. 20 


Sept. 28-Oct. 21... . 
Oct, 13-Dee. 20 ..--| 


Aug. 20-Sept.9-.-.. 


RPNWNNNNNNWENHYNNNNNWNUNNNWNOKOS 


PNmOWNNNWNNHENNNNNENNNNWHPWHN DONA 


b Not recorded. 
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Stage | Stage 
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V. MI: 


| Days. 


~~ 


He He > Col 
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Total. 
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(es) a e) 3 Se} 
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19 |,6:| 20 | 24) 6 
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Sums of effec- 


cIn this average Nos. 15 and 28 are omitted. 


tem- 


tive 
- peratures. | 


In the last column -are given the sums of effective sana teeeere 
(above 438°) to which the larvee were subjected. While the range“ 
(429°-871°) is great, an average of 617° does not fall far from most of 
the records. 


The following table shows the average length of the different instars 
for larve feeding on corn and cotton: 


TaBLE XIX.—-Average length of larval instars for larve fed on corn and cotton. 


Instar. 
Te ce a i ee ee ee 
TRE re ah en a ee a eterees 
ITs 8 eS ek See Se ee) 
IEW ch cheat eo ae eee 
Wit. eee See 
Wale neeoee eee eeeee 
Total 


Days. | Hours. 

3 13 
3 6 
2 17 
3 0 
3 
4 | ff 

20 18 


GROWTH DURING THE LARVAL INSTARS. 


The comparative rate of growth during the respective larval instars 
is of interest as Eas on ‘periods of most vigorous feeding, and, 


a Only rearings on corn and ae are hee considered. 
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consequently, the periods during which greatest injury isdone. Deter- 
minations of this character were made in connection with the previ- 


ously mentioned breeding work. 


Measurements made of the length of the body are of but little use, 


since they may be varied so much by the 


movements of the larva. 


There is a rather constant and gradual increase, however, from birth 


to maturity, as shown by the measurement 
averages of twenty-five larve. : 


s given below, which are 


TaBLE XX.—Showing amount of growth during, and length at end of, each instar. 


Amount aaa el 
_ of growth Pe 
Instar. ey GU aaah ine =| 
eee star. 
mie 9 \\ - mm. 
Ue eee 2. 02 3. 52 
ee eee | 2. 65 | 6.17 
hd lg ee ane | 4.53 | 10. 70 
Le eee 7. 68 18.58 
Gee i a Ra 10.51 29. 39 
ees oS) 2 ce 13. 35 42.74 


Thus it will be noticed that a larva shows 
a greater amount of growth during each 
succeeding larval instar. This is shown 
graphically in the accompanying curve 
(fig. 6). 

More accurate measurements are those 
based upon the size of the head, which does 


not change between the molts, and thus’ 


serves by its almost constant size to identify 
the instar of any given larva. By meas- 
uring large numbers of head casts thrown 
off at the molts, it was found that they are 
fairly constant for each instar, sufficiently so 
to enable one to tell the stage of any larva 
positively. The following table is compiled 
from measurements of over one hundred 
specimens: 3 


MILLIMETERS 


SRCTEEP eee 
INTE 


ee 


tee) SEE ES 
| il Wi IV NASM 

Fig.6.—Diagrammatic represen- 
tation of comparative rate of 
growth of larve during dif- 
ferent instars (original). 


TaBLE XXI.—Showing average width of head casts for respective larval instars. 


Width and range. Stage lI. | Stage II. | Stage III. | Stage IV. | Stage V. Stage VI. 

2 ‘ mm. mm. mine. mm. mm. mm. 
VIG Nflge of 00 RS a i ee 0.30 0. 48 0. 78 Wes 2.05 8. 9d 
ESI See EE ee ee (a) 0.42-0.54 | 0.67-1.00 | 1.21-1.50 | 1. 73-2. 28 2. 85-5. 00 

| 


a Practically constant. 
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It will be noticed that not in a single case do any measurements of 
the different stages overlap. In abnormal individuals, or in rare cases 
where the larva undergoes only four molts before it pupates, the meas- 
urements are of course irregular and are here disregarded. 

The variation in head width, in Stages III and IV, in a lot of five 
larve reared from eggs of a single moth and on the same food, is 
shown graphically in figure 7. 


INFLUENCE OF EXTERNAL CONDITIONS ON GROWTL. 


The effect of seasonal variation in temperature on the development 
of the bollworm is easily noted by glancing down the right-hand 
column of figures in Table XVIII, page 64. The length of the larval 
stage is thus seen to decrease from 373 days, recorded in April, to 14 
days during the warmer parts of the summer, and to increase again in 
the fall. 

Experiments were tried to ascertain if atmospheric conditions had 

any effect on growth, but they 


Ill. ee _ gave only negative results. The 

_ effect of different diet on growth 

\. has been watched, but. there 

Fic. 7.—Diagram illustrating relative width and vari- Seems to be but little relation 

ation in width of the head casts of larvein third hetween the two except possi- 
and fourth instars (original). aa: ae ‘ 

bly in one case, where it was 

found that larve grew much faster on green cowpea pods than on 

either corn or cotton. | 
The effect of temperature on growth was also investigated by rear- 


ing larve simultaneously at three different temperatures. This was — 


done by means of a commercial chicken-egg incubator, which could be 
kept at a temperature of from 80° to 90° F.; an ordinary ice box, 
maintaining a temperature of from 50° to 60° F., and the laboratory 
breeding room, which was subject to the usual daily fluctuations in 
temperature. 

During the latter half of April a lot of larve reared in the incubator 
at an average temperature of about 85° attained full growth in four- 
teen days, and the moth emerged twelve days later, making in all 
twenty-eight days, as compared with forty-five days required in the 


laboratory, where the average temperature was about 71°. In the ice. 


box, where the temperature was below 60° most of the time, it proved 
difficult to raise any larve beyond the third molt. The following 
table gives a comparison of the three lots: 
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Taste XXII.—Rate of growth of larve at different temperatures. 


Average 3 | Sums of ef- 
Location. tempera- eee - lfective tem- 
ture. Sate peratures. 
: Onn Days. se 
LOS a0 VMOU <0 35s Soh eg ORS SS RS eS Ane Serr OR re Sisnore sesame Sets 85. 4 14 425 
(oven aU \O A oe ae gel SR ee SS Oe Re ee Gorin Pesce cer aces 71 2.8 677 
ke Ae Gone ENS SOR SES DOpeGsAGr chr eee mr ines 57 a4) a516 


a Three molts. 


The effect of severe cold on larve was also tried ina namber of 
cases. All subjected to temperatures somewhat below freezing were 
killed outright by an exposure of from twenty-four to forty-eight 
hours, but of those kept at 34° F. for forty-eight hours a small per- 
centage survived and matured successfully. 

The ability to live for any length of time without food is not very 
great. Newly hatched larvee live about twenty-four hours in the 
laboratory, but it is probable that in nature the drying effect of the 
sun and other untoward conditions would shorten this period consid- 
erably. Larger larvee usually live several days, and occasionally 
three-fourths or nearly grown ones will pupate successfully if deprived 
of food. 

NUMBER OF MOLTS. 


The number of molts has already been stated. Of 100 larvee reared — 
in the laboratory at Paris, Tex., in 1904, 90 per cent molted 5 times, 
8 per cent 4 times, and 2 per cent 6 and 7 times, respectively. 

The cause of this variation in the number of molts in regard to the 
10 per cent thus varying could always be traced to abnormal condi- 
tions. Highly nutritious food and excessive care in breeding appar- 
ently caused less than the normal number of molts. Seven out of 
eight larvee reared on cowpeas molted thus. Molts in excess of the 
normal were caused by neglect and insufficient or disagreeable food. 


PROCESS OF MOLTING. 


The process of molting is normal. A fews hours after ecdysis the 
larva stops feeding and remains in an extended, slightly arched posi- 
tion. In this condition it is very helpless, especially when nearly full 
grown. At the time of molting the body contracts spasmodically, the 
skin splits back of the head, and the head is thrust out. Three or four 
minutes more pass before the larva has shed the skin entirely, and 
after three or four hours feeding begins again. 

In midsummer the stages preparatory to molting are very short (15 
to 18 hours), and in the fall longer (3 to 4 days). After the earlier 
molts the larvee sometimes devour their own shed skins, as do also the 
older ones, but more rarely. 
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.HABITS OF NEWLY HATCHED LARVA ON COTTON. 


The feeding habits of the newly hatched larve have a very impor- 
tant bearing on the question of poisoning and have for this reason been 
rather carefully studied. The habit of eating the deserted eggshell 
has already been described. After this follows a period of very pre- 
carious existence for the young larve. They begin to wander about 
in search of suitable food, here and there rasping the epidermis of the 
leaf or involucre where they happen to be, and passing on to repeat 
the process. They are not satisfied to remain on the leaves, and very 
often reach some tender growing tip soon after hatching. This is 
usually to their liking, and they remain and feed for some time upon 
the tender foliage. They do not stay long, however, and are soon 
again on the move after a short interval. If a square is next found 
they at once crawl beneath the involucre and begin feeding. Other- 
wise they may feed to a slight extent on a leaf, or another growing 
tip, until a square is finally found. 


During the search for proper food many of the larve perish; in fact 3 


the great majority of them do. A number of times during the summer 
from 100 to 150 eggs or newly hatched larve placed on a cotton plant 


have yielded only four or five larvee after a few days. This is much 


in excess of the number of eggs usually laid on a plant, and serves to 
show what an enormous number of the larve die in the’ presence of 
food in plenty. 

One thing which is important and should be borne in mind is that 
the larve almost always feed to some extent on large leaves or tender 
foliage before they begin feeding inside the squares. If they are to 
be poisoned it must be largely during this period of external feeding. 


EFFECT OF EXTERNAL CONDITIONS ON NEWLY HATCHED LARVA. 


The young larve feeding on corn early in the spring are often 
washed down by rain and submerged for considerable periods. To 


test their ability to withstand such conditions a number were experi- _ 


mented upon in the laboratory. Twenty newly hatched larve were 
entangled in a bit of cotton and submerged for seventeen hours. All 
but four survived the immersion. Larger larvee can not stand such 


long periods, but when dropped into water make feeble attempts to. 


escape, becoming stupefied after a few minutes. 


CHARACTER OF INJURY. 


The characteristic habits of the larger bollworms, like those of the 
newly hatched larve, are utterly different on corn and cotton and must 
be considered separately. 


Bul. 50, Bureau of Entomology, U. S. Dept. of Agriculture. PLATE VII. 


BOLLWORM INJURY TO BUD AND TASSEL OF CORN. 


Fig. 1, Portion of young plant, showing injury to ‘‘bud” by bollworm; fig. 2, bollworm and its 
work in corn tassel—both figures reduced about one-third (original). 


PLATE VIII. 


Bul. 50, Bureau of Entomology, U. S. Dept. of Agriculture. 
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BOLLWORM INJURY TO EARS OF FIELD AND SWEET CORN. 


Fig. 1, Bollworm and its injury to ear of field corn: fig. 2, bollworm and its injury to sweet corn 
(original). 


Bul. 50, Bureau of Entomology, U. S. Dept. of Agriculture PLATE IX. 


BOLLWORM INJURY TO FLOWERS, SQUARES, AND YOUNG BOLL OF COTTON. 


Fig. 1, Bollworm and its injury to cotton flower, stamens already destroyed, natural size; fig. 2, 
cotton flower destroyed by bollworm, natural size; fig. 3, flared cotton square, showing injury 
by very young larva, commonly designated ‘‘sharpshooter’’ work; fig. 4, showing, on the 
right, flared cotton square due to bollworm injury; on the left, normal square, natural size; 
fig. 5, bollworm destroying young cotton boll, one-half enlarged (original). 
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Bul. 50, Bureau of Entomology, U. S. Dept. of Agriculture. PLATE X. 


WoRK OF BOLLWORM IN COTTON BOLLS. 


Fig. 1, Bollworm eating into a half-grown cotton boll, twice natural size; fig. 2, bollworm boring 
into a full-sized cotton boll, slightly enlarged; fig. 3, full-grown bollworm and its work in large 
cotton boll, somewhat enlarged; fig. 4, cotton boll only partially destroyed by bollworm, two 
“locks” open, the others destroyed, natural size (original). 
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Bul. 50. Bureau of Entomology, U. S. Dept. of Agriculture. PLATE Xl. 


BOLLWORM INJURY TO FOOD PLANTS OTHER THAN CORN AND COTTON. 


Fig. 1, Growing tip of tobacco plant injured by bollworm, reduced one-half; fig. 2, bollworm and 
its injury to green tomato fruit, natural size; fig. 3, bollworm boring into green peach, natural 
size; fig. 4, okra pod attacked by bollworm, natural size; fig. 5, bollworm boring into cowpea 
pod, two-thirds natural size (original). 
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CHARACTER OF INJURY TO CORN. 


In young corn still in the bud the larve seek out the tender 


-uncurling leaves near the base of the opening portion (see Pl. VII, 


fig. 1). Here they bore through the curled mass, making burrows 
which show as transverse rows of holes after the leaf has fully opened. 
Occasionally the plant grows too quickly for the bollworm and the sepa 
ration of layers by unequal growth may squeeze it to death. As soon 
as the tassels are beginning to form, and while they are still well sur- 
rounded by leaves, they are attacked (see Pl. VII, fig. 2). The larvee 
now feed on the tassel proper, scarcely ever eating into the leaves or 
stem. As soon as the ears begin to form the remainder of the plant 


‘is no longer disturbed. The damage to corn ears will be considered at 


greater length elsewhere. 
CHARACTER OF INJURY TO COTTON. 


The method of attack on cotton before the squares have formed is 
of little importance, since it is very rare for such cotton to be injured 
by the bollworm. It is interesting, however, as it shows that the 
spring generation can feed on cotton if forced to do so. Under such 
conditions they seem to prefer, when small, to bore into the cotyledon 
leaves or buds, and later to feed promiscuously on any part of the 
leaves. | 

The squares are without doubt the part of the plant preferred by 
the majority of the larve. After the newly hatched larve have gained 
enough strength to get about readily they almost invariably enter a 
square and begin feeding on it near the base. As a rule the first 
square attacked is eaten hardly at all, and only a small black puncture is 
to be seen when the square ‘‘flares” some twenty-four hours later. The 
flaring of a square is a very characteristic process, the bracts of the 
involucre folding back and exposing the inner portion (PI. IX, figs. 
3 and 4). Almost invariably squares which have flared drop from the 
plant some hours later, breaking off at the juncture of the petiole and 
stem. Very rarely they may dry up and remain upon the plant. A 
very slight injury made by a newly hatched bollworm will cause a square 
to flare, but they can often withstand a considerable needle prick 
without harmful effects. The second square to be attacked by the 
growing larva shows a larger scar and generally a trace of excrement 
and a few silken threads spun by the larva, which has left it before the 
flaring begins. Such injury to squares is quite generally known as 
the work of ‘‘sharpshooters;” improperly so, however, since the real 
sharpshooter belongs to another order of insects. 

After the larva has fed upon two or three squares it may either 
turn its attention to bolls or continue its depredations on other squares 
or flowers. It has now increased considerably in size and is about 
one-third grown. If it continues to feed on squares a large hole is 
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gnawed in one side near the base and the contents eaten out, leaving — 
only a hollow shell still retaining its original shape (see Pl. IX, 
fig. 4). Subsequent injury to squares is done in the same way, 
except that the hole eaten by the full-grown larva is considerably 
larger. Bolls are scarcely ever attacked by newly hatched larvee, 
although the latter can subsist on them without difficulty in the 
absence of other food. Larve one-third grown or larger may bore 
into the bolls at a point not far from the base or farther up on the 
side, as shown in figures 1 and 2, Plate X. If the boll is small, like the 
one shoe on Plate IX, figure 5, the entire contents are appropristed: as 
in the case of a square, but if it is large usually only one or two 
‘‘locks” are badly eaten (see Pl. X, figs. 3. and 4). When the larva 
leaves the boll its exit is most generally made through the entrance 
hole, although a second opening is sometimes made. The excrement 
left in the boll by the departing larva usually stains what fiber may be 
left in that lock to a dark brown, and often favors fermentation and 
the development of mold, which quite often ruins the boll entirely. 
If two or three locks have been destroyed the boll may open more or 
less imperfectly, as shown on Plate X, figure 4, or fail to open at all. 

In such bolls the large hole made by the bollworm is always = 
to be seen. 

The flowers are often attacked soon after they have opened and 
before the petals have become pinkish. Usually the pistil, stamens, 
and ovary are destroyed and the flower ruined (see Pl. LX, fig. 2). 
_ The stamens especially seem to be very well liked and injury may be 
confined to the destruction of these (see Pl. LX, fig. 1). 

The leaves of the cotton plant are not fed upon by the bollworm 
unless squares and bolls are very scarce. Under such conditions they 
take very readily to leaves, eating them in a way similar to the cotton 
worm (Alabama | Aletia| argillacea). In the large field cage in the 
laboratory garden at Paris a method of feeding not noticed elsewhere 
was observed. The squares and bolls had practically all been 
destroyed and the large larve, boring through the axillary buds into 
the stem, caused it to break at that point and wither and die. 


CHARACTER OF INJURY TO OTHER PLANTS. 


The feeding habits of the bollworm on other plants than corn and: 
cotton are rather beyond the scope of the present bulletin and can only 
be briefly referred to. 

On tomatoes the green fruit is usually the part chosen, the young 
larva boring through the skin at almost any place, while the older 
ones prefer to enter near the insertion of the stem (see Pl. XI, fig. 2). 

Tobacco is injured at the growing tips or ‘* bud” early in the season 
(see Pl. XJ, fig. 1), but later, if the plants are not topped, the green 


seed pods are Rererred: 
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Injury to ripe peaches still attached to the trees is recorded by 
Webster” in Ohio. Bollworms attack peaches about as they do 
tomatoes (see Pl. XI, fig. 3). 

Peas, beans, and okra are all bored into and the green seeds eaten, 
the bollworms often being very destructive to these plants (see Pl. XI, 
figs. 4 and 5). 
~ From eggs laid on rosebuds early in the spring a lot of larvee feed- 
ing upon the unopened buds were reared. 


CHOICE OF FOOD BY LARVAE > 


Aside from field observations, a series of experiments were made in 
the laboratory to determine the choice of food by larvee when plenti- 
fully supplied with several kinds. When given corn, cotton squares, 
green tomatoes, and tobacco buds, the corn is almost always chosen, 
often after first tasting the others; but with different parts of the corn 
plant selection is not always so uniform. Apparently the tender bud 
and ear are about equally attractive. In the case of cotton the flowers 
and squares were liked best, as is shown in the appended table. 


TasBLE X XIII.—Choice of different parts of King cotton by bollworms. 


Number of larve. ; 
First series. Second series. Total 
- | be Z 
Part of plant. Pe tO ie (GNU ey tee pe ae War = Remarks. 
|S Bl ol sel slo! -| SIle/ ea] cl sia] ea] o |] o 
RmlIO| SISO aelalalPlOl| aslo] glial ol(s\ x | 2 
SlalTlalsglolSl(SlglVlalaql/FiSsia|/ ola 
Slain |S gel | ole a Leet ey 2 a 
SOI ABISISlOlB lol SISiSiSsleola| sie 
aa eya eel licen lob 1 Pe eee @e see te heed Marta Web eae [a 
4 o Olen |.4 ODO isch ® | fo} O len |. ® |= 4 () 
By OR me ole Bia ln 
Lo ee 21/3/2/110/0/0;/1/0/0/0!/1/0/]0]0| 8} 2| Fifth choice. 
Tender growth.......- 22 id 2 Oe) Ol te) 4. 20 11.0.) OF O | 11 }..8 | Pourth choice. 
[LS i i a (@)|(@))(@)|(@)|(4)|(@)|(2)| 4] 6 | 2) 4) 3)3] 4) 3) (a)} 29 | First choice. 
MQuUaEes e258 s2 652 5. Fa Solo OO ee ie Ose. aa) aol teeny 2h 14) Second ichotiee: 
130 UNS See a ee ae Pe ees On OMe a | OOO 2 Ss 25 Toes | Pe |. Lhird choice: 
a Absent. 


The experiments from which these data were obtained were made 
by placing leaves, squares, etc., together under a large bell jar with 
the larve. Then every day an examination was made and the part 
chosen by each larva recorded. No doubt if the experiments had been 
tried in the open sunlight, the exposed tender growth would not have 
been chosen so frequently. 


RELATIVE ATTRACTIVENESS OF UPLAND AND EGYPTIAN COTTONS. 


It was noticed quite frequently that Egyptian cotton was more or 
less free from attack by the bollworm, while Upland cotton growing 
adjacent was badly infested. To get accurate data on this point a 
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number of larve were supplied with both kinds in the laboratory and 
their selection noted. The following table gives the projec of a 
lot of ten young larve on succeeding days: 


_ TABLE XXIV.—Relative attractiveness of King and Mit Afifi cottons. 


Waniiarcotion® _ First Second Third Fourth | Fifth | Sixth |Seventh| Fighth 


| day. | day. day. day. day. | day. | day. day. Total. 
ee Se A en | 7 | 9 8 5 7 8 6 6 56 
Pe votaa (MiG Atiti ye Ye) 2 | 2 1 2 4 2 3 3 20 


COMPARATIVE INJURY TO EARLY AND LATE COTTON. 


Planters have been taught by the accumulated experiences of many 
years that early-planted cotton is much less subject to the ravages of 
the bollworm than cotton planted late. This fact has also been noted 
by many observers, not only with reference to the bollworm, but to 
other cotton insects. Thus Riley, as early as 1885, says: 

Our knowledge of the natural history of Aletia [ Alabama argillacea] and the yearly 
occurring experiences with its ravages teach us that the principal and most effective 
means of prevention is to hasten the maturity of the plant so that a portion of the 
crop shall be beyond the reach of harm from the more destructive July and August 
broods of the worm. 

Improving the cotton seed in the direction just mentioned can be accomplished 
principally by careful selection of early varieties of cotton or by introducing seeds 
from more northern regions. Early planting is to be strongly urged in this connec- 
- tion, although, of course, it has its drawbacks in the risks of exceptionally late falls. ¢ 


Professor Mally, in discussing certain statistics of the relative injury 
of bollworms to early and late cotton in Texas in 1892, says: 

The late cotton, therefore, shows a loss of 50.6 per cent, while the early cotton 
shows no real loss. This may be taken as an extreme case, but the general principle 
remains that late cotton receives by far the greater portion of bollworm attack, 
virtually protecting the cotton fields about it. ? 

The decided preference of bollworms for squares and young bolls, 
as compared with mature and more hardened bolls, is shown in the 
following table, as is also the comparative injury to early and late 
planted cotton. 


«Riley, Fourth Rept. U. 8. Ent. Com., p. 120. 
bMally, Rept. on the Bollworm, 1902, p. 12, Austin, Tex. 
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TaBLE XX VI.—Comparative wyury by bollworm to early-planted and late-planted cotton. 


Early-planted. . Late-planted. Per 
|_————_—_——_———| Per |- —1! Per |centin 
cent cent | favor “vf s 
Locality. | Date of | Seed of Date oF of of © Kind of soil. 


Seed used.| in- ; early 
jury.| plant- 
ing. 


planting.| used. ae planting. 


| 


May 2/| King ....- 35.30" aie Black-waxy, wood- 


Ladonia, Tex. -..2% | Apr. 1] King .| 23.6 
ed. 

Ben Franklin, Tex.) Mar. 19 | Hall.-| 5.6 | Ajpr: 15 | Hall. --2-2 2300 17.9 Do. 
Quinlan, Tex ...... [Aipre? 1 King 2)-s5..5")), Apr 2p ly Giiterss-— 10.9 4.5 | Post-oak. — 
Willspoint, Tex ...| Mar. 30 |]...do..| 4.9.| May 2] Rowden..| 10.0 4.1 | Gray prairie. 
Panis: eRe ca yae jf Oise | aGan es fOr I Miaiw cles Gonse see 29.6 9.9 | Black prairie. 
Almont; Tex: %2>- Mar. 23 King .| 5.6 | June 2/ Fleming..| 23.6 | 18.0 | Red River bottom. 
Aiverarevor all’ Obst steenceeeele tees aoe OLB Ae ee a yous cake Sree 20.7 11.4 

servations. : / 


It will be noted that in determining the percentage of injury obser- 
vations were made on early and late cotton in the same locality and on 
the same date, as shown in Tables XXV and X XVI, so that the com- 
parisons are quite fair. The average total injury to early cotton was 


9.3 per cent, as compared with an average total of 20.7 per cent to late | 


cotton. This difference is undoubtedly less than would be the case 
during seasons of more severe bollworm injury than occurred in 1904. 
The decided preference of the bollworm for squares and young bolls 
is shown in the figures of average percentages of injury given in both 
tables. Thus, the sum of the percentages of injury, as shown in the 
tables, to squares and bolls one-half grown or less is 149.9, while on 
bolls from three-fourths to full grown the injury amounts to only 11.5 
per cent. ; , 


The fact of the comparatively less injury to early cotton indicates 


the desirability not only of planting as early in the spring as possible, 
but of adopting all other practicable measures that will furthen the 
production of an early crop, such as the use of seed of early fruiting 
varieties, the use of fertilizers to hasten and increase the production 
of fruit, and early and thorough cultivation. This subject will be 
more fully discussed under the consideration of remedial measures. 


AMOUNT OF DAMAGE DONE BY A SINGLE LARVA. 


Owing to the very different method of attack on corn and cotton, 
the damage done by a single larva is of an entirely different nature in 
the two cases and will be considered separately. 


DAMAGE TO YOUNG CORN. 


When the larva feeds on young corn by eating into the bud, consid- 
erable injury is done to the unfolding leaves and the plant presents a 
very ragged appearance. (See Pl. VII, fig. 1.) From general obser- 
vation it would seem that the small. percentage of plants which are 
injured when young must be less productive later in the season. 
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Such is apparently not the case, however, as two experiments made 
on corn plants show. Two average young plants of field corn grow- 
ing in the laboratory garden were chosen and watched until maturity, 
with the result shown below: | 


TasLeE XX VII.—EKffect of bollworm injury to young corn. 


Experiment 1. Experiment 2. 
Date. - Observation. Date. Observation. 
May 14 | Placed a one-fourth grown larva in bud | May 17 | Placed three larve (one-fourth, one- 
of corn plant 23 feet high. fourth, and one-half grown) on corn 
May 15 | Larva has eaten from one of the partially plant. 
uncurled leaves in the bud; damage | May i8 | Some damage down in bud is notice- 
slight. able 
May i9 | Bud is now badly damaged. May 19 | Much injury is now noticeable. 
May 20 | Damage is greater, but growth is not im- | May 20 | Damage increased; one larva visible 
paired. in the bud. 
June 2 | Plant now 73 feet high; shows serious | June 11 | In tassel and silk; quite healthy. 
damage, but is still healthy. June 21 | Is bearing a large, healthy ear. 
June 11 | Now in tassel and silk; is one of the 
healthiest plants in the garden. 
June 21 | Is bearing two fine ears. 


In these two cases, at least, the plants, although much disfigured 
when young, were fully up to the average in productivity later in 
the season. 

At times the feeding of the larve in corn buds produces a deformity 
resulting in the failure of the developing leaves to unroll normally, 
but such instances are too rare to have any bearing on the question of 
bollworm injury by this brood. 

The injury to tassels (Pl. VU, fig. 2), which occurs later in the sea- 
son, is of small economic importance also, since the few which may 
be partially destroyed must have but small effect on the pollen produc- 
tion of the field. 


DAMAGE TO EARS OF CORN. 


It is in the ears that the real damage and loss occurs, but this injury 
is frequently overestimated. In ears of early sweet corn it is not 
exceptional for the larva to bore directly down the ear, as shown in 
Plate VIII, figure 2. In this case the actual number of grains destroyed 
may be considerable, and the filthy excrement distributed over so large 
a space favors decay and subsequent molding of the ears, thus mak- 
ing the corn unfit for the market or table use. Feeding normally 
about the apical portion of the ear, the part affected scarcely ever 
amounts to more than one-fourth or one-fifth of the ear. But the 
extent to which sweet corn is infested, as compared with field corn, 
makes the loss to this crop proportionally heavy. 

_ In feeding on the larger and more rapidly hardening ears of field 
corn, injury is usually confined to the silk and apical portion, as shown 
on Plate VIII, figure 1. The exact quantity consumed by each larva 
is not readily determined, since itis quite variable. After the eggs have 
hatched the silks may furnish the food until the larva is from one- 
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eighth to one-half grown, or sometimes even much larger, so that a 
correspondingly large or small portion of the kernels beneath is 
consumed during later development. Experiments made in the labo- 
ratory show that a bollworm may consume from 30 to 50 kernels of 
corn during its entire life. Allowing 900 kernels to an average ear, 
this would mean an injury of from 3 to 6 per cent. Often. more than 
one larva may mature ina single ear, and again the silk may supply 
the greater part-of the food. Taking into consideration, also, that the 
apical portion of the ear, which is least valuable, is the first destroyed, 
the injury to field corn will probably not often exceed the estimate 
given above, and will, of course, fall lower where the percentage of 
infestation is less than 100. Although the eggs are laid in the fresh 
silks, the larve scarcely ever hatch in time to destroy the silks before 
naan has occurred, so that the fertilization of the infested ear is 


not interfered with. 
DAMAGE TO COTTON. 


The extent of the injury caused by a single larva to cotton bears 
directly on many questions of bollworm control, and has been investi- 
gated car efully by a series of experiments and obser rane made upon 
cotton growing in the laboratory garden at Paris. 

The first series relates to very young cotton, and was made duri ing late 
Mayandearly June. Atthis time ne plants were from 7 inches to 1 foot 
high. On May 31 two quarter-grown larve were placed on one of the 
largest plants and covered by a wire-screen cage. Both entered the 
soil to pupate on the 10th of June, leaving the plant almost completely 
defoliated, after the fashion in which the cotton caterpillar injures the 
plants later in the season. Although the plant was in bad condition 
when the larve left it, later in the summer it was practically as well 
developed as its fellows in the immediate vicinity. This and other 
plants similarly treated had not yet formed any squares. The other 
plants treated gave, on the whole, about the same results as the one 
described, though the average extent of injury was somewhat less. 

A second and more important series of observations was made during 
the latter part of July and the first half of August. The plants exper- 
imented on were about two weeks earlier than the general planting, 
and hence were at that time in the same stage as the field crop during 


August, when the third generation of bollworms is most destructive; — 


that is, when full of squares, flowers, and bolls. Six of the more com- 
plete records are given in the succeeding paragraphs: 

Experiment 1.—A newly hatched larva placed on a plant 24 feet high 
July 13. By the 25th it had entered the soil, after destroying twelve 
squares, one one-fourth grown boll, and one flower. 

Experiment 2.—Small larva placed ona plant 3 feet high on July 
15. It entered the soil on the 27th, after destroying one square, one 
small boll, and two large bolls. 
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Experiment 3.—A newly hatched larva was placed on a plant 3 feet — 
high July 15. It entered the soil July 28, after destroying one 
square, one flower, and two full-grown bolls. 

Experiment 4.—Larva one-eighth inch long was placed on plant 3 
feet high July 26. It entered the soil August 4, after destroying 
nineteen squares. No bolls or flowers were injured, although two 
large bolls bore evident marks where the larva had tasted them and 
passed on. The daily injury done by this larva may be of interest: 
First and second day, one square; third day, two small squares; fourth 
day, one small square; fifth day, one square; sixth day, two squares; 
seventh day, five squares; eighth day, six squares. 

Experiment §.—A one-eighth inch larva was placed on a plant 3 feet 

high July 27. It entered the soil August 7, after destroying four 
squares, two flowers, and two bolls (one-fourth and three-fourths 
grown, respectively). 

Experiment 6.—A. one-sixteenth inch larva was placed on a plant 3 
feet high August 10. By August 20 it had destroyed thirteen squares 
and one flower. 

A summary of these six cases shows a total injury of fifty squares, 
eight bolls, and five flowers. This gives an average of eight squares, 
one and two-thirds bolls, and one flower for each developing larva. 

A great individual difference in tastes is at once evident, some 
larve preferring squares entirely and others feeding more or less on 
bolls when both are present in sufficient quantities, as they were in 
all these experiments. Squares are invariably chosen by the youngest 
larve, some of them continuing when older to search out the squares 
and others turning their attention to the bolls. In onecase a boll was 
attacked by a rather young larva, which afterward consumed only 
squares and flowers, but this is unusual. On account of their large 
size, a much smaller number of bolls are destroyed than squares. In 
fact, it was seen in one case that two large bolls and one flower served 
to mature a larva, while another, which fed only on squares, required 
nineteen. 

During the experiments each individual plant was covered by a 
large wire-screen cage, 3 feet square at the baseand 4 feet high. This 
prevented in great measure the escape of larvee, and kept out any 
other insects which might interfere with the accuracy of the results. 
The cotton plants each bore from 40 to 60 squares and from 8 to 12 
well-developed bolls, in addition to a varying number of flowers and 
small bolls. Hence it is apparent that it would require only seven 
or eight larvee, feeding at the rate of those observed, to destroy nearly 
all of the fruit on one large plant. 
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“NUMBER OF LARVZ ON A SINGLE PLANT. 


As before mentioned, a large number of young larve may be present 
in a single ear of corn, but of these never more than one, two, or less 
frequently three mature. On cotton the number present on each 
plant is so variable that records of this sort can have no permanent 
value. The injury corresponds closely to the number of larve, and 
estimates are best made by noting the extent of the injury. 


RELATION TO THE NUMBER OF EGGS LAID. 


The most important fact to be noted is the wholesale destruction 
which takes place among the young larve. At times when nearly one 
hundred eggs are present on a single ear of corn, and but two larvee 
can mature, the elimination reaches 98 per cent. On cotton the num- 
ber of eggs laid per plant is considerably less, and the Pe of 
larvee to mature so much the greater. 


PERCENTAGE OF CORN PLANTS INFESTED. 


In the early part of the season, as has already been pointed out, 
injury to corn by the first generation of larvee is not great, but increases 
later with the appearance of the second brood. ‘This is shown in the 
following table, compiled from observations of over 6,500 corn plants 
made at Paris, Tex.: ae 


TaBLeE XX VILI.—Percentage of infestation in early corn. 


Number of | Number} Number | Per cent 


Date. Age of corn. observa- of of of 
tions. larve. | injuries.| injury. 
Maye dol Si tow4sinehess <.)-eoa ee aac s een Re he ato 1, 000 1. 1 0.1 
IYI Fp ge sd Nie aa ees ee i aa eg AT ee eis ayy oe aS 650 2 6 0.9 
May. 24: \) 22 tOsst MC ee 2h cetaeteroia septoc ae eae re See ta a acre 1, 200 9 16 1.25 
ASE eee: ae ie Bicone LS lM Sct cate, ES an a ae eee 170 Wy 342 1e2 
MEA Van 2 Al ese GOB. sess ee aaa epee a Oe rcp eis eed Pane ea clen 200 2 2 1.0 
May. 24.4 to feet. dasseline soe. secre = eee eee ee 650 20 20 3.0 
May “31 | 3:to:4ieet.tagselins (eet ee see ee eee se 1,000 | 35 54 5.4 
Meaty; 31" 3 torbreet; tassels Ac, pa ere ee ee eect ere 1, 000 12 14 1.4 
JUNE LG A Siikand tassel: she 22/8 Meee eters ers 100 33 27 27.0 
July 130). Roasting ears... 2.2 seen 68 noes eee ee eae eg le oeeice oe ee lee eee 98.0 
Sully AO) hah (0 ane a ik een MOU re Mice Tia ae Se Ai sre Nara letest SNe ces 80 | 19 46 57.5 
July 20M 2s. 22 LO} nn cote oi ey ete a eta eee Pe ee ee oe 100) 222 e ee 56 56. 0 
Saliva 20M es eee CO 0 Rae ae aera cad A hay oe NN oo SE ee ona 157 98 |, 110 70.0 
liye hy |S ee GO: ore Ae 1 ke Be lee. ey eal Senge a ea ae eae 180 116 176 97.2 
Sepp 28ullescc- 6 10 Ya ape ARRAN SS ae Sipe eye stiateyanl ies, a OS) 79: |2eceaeeee 75 100. 0 


A second table shows the percentage of infestation at a number of — 
other localities during the latter part of the season. It includes data 
for localities representing practically the entire cotton belt, showing 
an average percentage of infestation of 78.3. The difference between 
the early and late corn is plainly seen, averaging only 78 per cent for 
a number of cases of the former and 98 per cent for the latter. 
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Taste XXIX.—Percentage of infestation of corn plants at different localities in the 
cotton. belt. 


OS Sr eters hc | 
on .| 30 | Spent acs 
Date of Are of | He Lae eg or . Date of ue. of 
Locality. examl- rats aoe 35 2 2 Locality. exami | 9 v plant- 
nation. Gee Sea = nation. eli ary 
sai/5 |5-|§ 5 8 
ZA a, Na Ne Ay 
Calvert, Tex .-.-.-- UME: 27 see. sa. 80 |} 20| 54) 67 || Elm Grove, La....| June 24 | 50 
Comanche, Tex...| July 22 | Ears-..| 500 | 150 | 500 | 100 || - DORs eee July 17 | 78 
Dice eee July 27 | Ripe..| 500 | 42 | 470} 94 || Shreveport, La ..-|.... dos =. |).62 
Cooper, Tex ....-.. July 26 | Ears -..| 500 | 790 | 484 | 97 Eee Ala.| Sept. 12 | 87 | Early. 
Gorsienna, tex ---|\Jume 25 |...do.-| 168 | 47 | 102 | 60 \|—  Do.-........-.)...- do ..-.| 100 | Late. 
Dallas, omens... _| May QO EG Ora GOn Ps On|) 58h. 96 KibaNy Ga El a ee Sept. 7] 80) Harly. 
Gilmer, Mexyh 5.2 July 26 |...do -.| 500 | 790 | 484 | 97 DOR tea te aa ae do...| 90} Late. 
Groesneck, Tex... July 25.|.--do .-| 600 |.-.-:|....- 80 || Augusta, Ga .....-. Sept. 10 | 90} Early. 
‘Hempstead, Tex..| May 15 |...do-..| 60| 66] 42] 70 IDOLER Sake, peers do ...| 100 | Late. 
Ladonia, Tex -.-..-. duly) 20) |). =2d0 -2)./5--)22.--]+----| 80-|| Memphis, Tenn...| Sept.15,| 75 | Karly. 
“Mineola, Tex’: <.- Aug. 4]...do..| 404 |....- 370 | 91 || Birmingham, Ala. Sept. 10| 80 Do. 
Morgan, Tex -.... July 16 |...do.-.| 125 | 74/124] 99 DORs ae = Real aee do ..-| 100 | Late. 
Navasota, Tex - June 27 |..-do..| 60] 30] 41] 68 || Lake City, Fla....| Sept. 14 | 60] Early. 
Quinlan, Tex ..... _| July 30 |..-do..| 100 |.....| 80] 80 || Lakeland, Fla....| Sept. 7 | 100 Do. 
Wome eee: Aug. 9}...do-..| 40 | 185 | 40 | 100 Mane Blige Sept. 6} 65 Do. 
Rosembereeexas |; ume 294/-2-doe.) 245 | 52) 173 | 70 |). 9 Dow... -2.- sel... do ...| 95 | Late 
WO tse 5 .. 2s). -| July Ln Seedorf 69a 721 96 Bataenane S.C ...| Sept. 10 | 90 | Early. 
San Antonio, Tex.| June 30 |...do-.| 80 | 187] 76] 95 IDO ae Coasrcalleece do...| 100 | Late. 


The progress of infestation during the season is shown by the next 
table, which gives results of counts made during season of 1904 on 
two fields near Paris, Tex. 


TABLE X X X.—Progress of infestation during season. 


Date of : Date of 
: Per cent of : Per cent of 
a eae Age of corn. infestation. TEAR Age of com. infestation. 
May, 3ia|)3 tort feet high .........2... 5.4) May, 35 3 to's feet bight). 224.24. 2. 1.4 
Juned6)) Sillkeand tassel: ...:......-... ZO N Ianly le MRORGTIMETCATS 22 sees. Asse 97.2 
Vu 20") WRoeastINng Cars. <s2...2. 22... 56. 0 
CANNIBALISM. 


The difference in mortality on corn and cotton is mainly due to the 
cannibalistic habits of the larve themselves. When young, this habit 
does not manifest itself very strongly unless the bollworms are 
pressed for food, but after they are half-grown or larger they become 
extremely vicious andattack one another on the slightest provocation. 
If two larve are feeding in one ear of corn and their paths acciden- 
tally cross, they become irritated at once and snap at each other with 
the mandibles. Usually the larger one is victor and makes a meal of 
the smaller. If, as is sometime the case, both are of approximately 
the same size, it is not unusual for both to be so injured as to die. 
Even two larve peaceably crawling about will almost always fight if 
they come together unexpectedly. They do not evince any desire to 
hunt out their fellows, however, and it appears to be merely chance 
which brings them into contact. Observers have often been inclined 
to think that cannibalism was induced by external annoyances caused 
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by ants or other insects, but this does not seem probable. It seems 


to be simply an inherent instinct. The bollworms appear to relish the 
bodies of their unfortunate fellows, but soon sicken and die if com- 
pelled to subsist for a long time on ties sort of food. Several were 
experimented on in the laboratory by feeding them on crushed cater- 
pillars, but none so fed matured suc. essfully. 
This is one of the most valuable factors in reducing te injury to 
corn, for if all the larve in an ear should feed peaceably together, as 
is ae among many other species of caterpillar S, they would no 
doubt often consume it entirely. This would mean, in certain regions, 
an almost complete destruction of the corn crop. During August, 
1904, an actual count was made of a number of corn ears to ascertain 
the ogee of larve present. In 10 ears there were in all 168 larve, 
each containing from 8 to 38 in all stages of development, although 
mostly quite small. This is an average of nearly 17 to an ear, or over 
eight times the number which could eventually mature. 

Cannibalicn is not so important in lessening i injury to cotton, since 
the larve are more isolated and do not meet one another so often. 
During seasons of bad bollworm injury, however, it may be an appre- 
ciable factor in their reduction. 

Aside from eating larve and pup of its own species, the larger 
bollworms will often feed extensively upon the larvee and pupe of the 
cotton caterpillar late in the fall when the latter is abundant, as wellas 
_ upon other species. 


LEAVING THE PLANT AND ENTERING THE GROUND FOR PUPATION. 


Bollworms feeding in ears of corn enter as very small larve, as 
already described, by eating down through the silks and between the 
shucks at the tip of the ear. When they are completely grown no 
opening for exit is present, and the larva must either eat its way out 
in the direction it entered or bore directly through the shuck near the 
tip. This last is the way usually chosen, and after the larva has 
emerged, a more or less sharply cut hole of the diameter of its body 
is left through the shuck. Only a very few crawl out through the . 
silks, most probably because the latter are almost always decayed and 
moldy at this time. We were never so fortunate as to see a larva in 
the very act of leaving the corn ear, which would suggest that this. 
most probably occurs at some time during the night. Whether the 
larva crawls down the stalk or drops directly from the ear to the 
ground was not determined. Comstock (Rept. Cotton Ins., 1879, p. 307) 
believed that they drop directly from the ear. What evidence this — 
assertion is based upon is not given, and, to judge from the usual 
cautious actions of the larva when crawling about, it would seem very 
doubtful that they should do so. In a single instance, on August 4, 
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PUPATION OF THE BOLLWORM. 


Fig. 1, Full-grown larva entering soil for pupation; fig. 2, three larve, showing shrunken appear- 
ance just before pupation; fig. 3, larva in cocoon as made in sandy soil; fig. 4, two bollworm 
pupe—tig. 3 about natural size; figs. 1-2 enlarged one-half; fig. 4 enlarged three times (original). 


Bul. 50, Bureau of Entomology, U. S. Dept. of Agriculture. PLATE XIII. 


PUPAL CELLS OF THE BOLLWORM. 


Fig. 1, Pupa of the bollworm in its burrow in the soil, somewhat enlarged; fig. 2, plaster of Paris 
; casts of pupal cells, showing variation in depth and direction, natural size (original). 
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1904, we saw a full-grown larva leaving a cotton plant at 9.30 in the 
morning. It climbed cautiously down the stem, once stopping to 
crawl out on a branch near the ground. 


FORMATION OF THE PUPAL CELL. 


Once a larva has reached the ground, it proceeds at once to select a 
suitable place to burrow beneath the soil. Under ordinary conditions 
not much time is lost in choosing the proper site, which is usually not 
more than 1 or 2 feet from the base of the plant. When confined 
within a small space a few minutes are always sufficient. It now begins 
to push its head against the soil, at the same time swinging it slightly 
from side to side, and thus throws up a pile of loosened particles of 
earth. (See Pl. XII, fig. 1.) The diameter of the hole when excava- 


Fic. 8.—Diagram of different types of pupal cells (original). 


tion begins is about twice that of the larva, but soon becomes blocked 
up by the loose earth. The time required to get beneath the surface 
varies anywhere between five minutes and three-quarters of an hour 
or even much longer, depending on the texture of the soil and the 
activity of the larva. When it has passed from view beneath the sur- 
face it continues to work down in a more or less slanting direction to 
a depth of from 1 to 7 inches, leaving the pile of loose earth to mark 
the point of its entrance. So far all its actions have been preliminary 
to forming the pupal cell, which is not constructed along the path by 
which the larva entered the soil, as had been generally supposed. 
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Instead it now works upward, forming a curved tunnel, with smooth 


walls of well-packed earth webbed together by a thin coating of silk. | 


(See Pl. XIII, fig. 1.) Normally the tunnel stops abruptly about one- 
eighth or one-fourth of an inch below the surface, leaving a thin wall 
of earth through which the moth must penetrate on emerging. As 
soon as the burrow has been completed, the larva repairs to the lower 
end (Pl. XIII, fig. 1) and there transforms into the pupa, which lies in 
the cell, with the head slanting upward, until the emergence of the 
moth. A number of plaster casts of pupal burrows were made, and 
a few of them which show the typical variations in shape and size are 
figured on the accompanying plate (PI. Xk fig. 2). 


VARIATIONS IN THE FORM OF THE PUPAL CELL. 


There is a very evident relation between the moisture content and 
character of the soil and the form of the pupal cell. In dry soil of a 
sandy nature the larve always dig deeper than in moist soil of the 
same composition. (See fig. 8.) In the ‘‘ black-waxy” soil of north 
Texas very shallow burrows were made, due no doubt to the mechan- 
ical difficulty offered by its tough consistency. In some cases the larve 
could make no impression on dry, baked soil of this kind and were 
compelled to crawl into the cracks caused by drying. 

In the accompanying table are given the dimensions of eight pupal 


cells made in moderately moist sandy loam. They were obtained by : 


making plaster casts of the cells. These show a considerable individual 
variation. They-average 46 mm. in depth and 43 mm. in horizontal 
extent. 

TABLE X X XI.—Dimensions of pupal cells. 


Vertical | Horizontal 
extent. extent. 


Millimeters.; Millimeters. 
, 58 8 


4 
71 57 
80 50 
38 40 
26 43 
20 39 
57 27 
20 39 


Temperature also exerts an influence on the depth of the burrow. 


Larve of the late fall brood dig much deeper than those pupating © 


earlier in the season. Ina lot of seven overwintered pupe, at Hetty, 
Tex., the depth of the respective cells in millimeters was as follows: 
50, 50, 125, 125, 125, 150, and 175, with an average of 114 mm.. At 
Paris, Tex., six cells averaged 80 mm. in depth in black clay loam, 
and 13 in sandy loam averaged 98 mm., as compared with 46 mm. for 
the August brood. The reason for this is evident, since the over- 
wintering pup must withstand many adverse conditions to which the 
summer broods are not exposed. 


es 
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PUPATION IN OTHER SITUATIONS. 


While it is the normal habit of the bollworm to burrow beneath the 
soil to pupate, it will rarely, either from necessity or otherwise, choose 
other situations. Coquillett (Ins. Life, I, p. 331) records four pups 
of the late fall brood which were found by him in ears of corn at Los 
Angeles, Cal. Probably the warm winter climate of that region may 
be a factor in developing such an unusual habit. In several instances 
larve confined in the laboratory with corn ears as food, but without 
earth, have pupated in a cavity eaten out of the ear. When this is 
done usually small bits of the surrounding tissues, or of paper, if 
such is present, are webbed together to form a sort of cocoon which 
more or less successfully conceals the pupa. In all our experience, 
however, not one was observed which had pupated in a cotton boll. 
This is probably on account of the rapid decomposition undergone by 
the injured bolls. In practice we obtained great numbers of pupe by 
confining large larve under inverted tumblers supplied with sufficient 
food, but without soil. 


CHANGES UNDERGONE IN THE FORMATION OF THE PUPA. 


At the time it enters the soil the larva is somewhat stouter than it 
was just before, and the incisions between the body segments are 
beginning to become more distinct. (See Pl. XII, fig. 2.) When it 
has formed its cell a period of quiescence ensues, which usually lasts 
for from two to four days for the summer broods and much longer 
for the fall brood. During this time the larva decreases in length, 
gradually approximating the length of the pupa, and at the same time 
becoming stouter in the middle and more tapering distally, the inter- 
segmental constrictions growing more apparent. (PI. XII, fig. 3.) 
The coloring generally becomes less brilliant and tends toward a 
greenish or yellowish tint with black markings. 

The larval skin splits medially along the dorsum of the thorax and 
the head of the pupa is passed through the opening, after which the 
skin is rapidly worked backward by the movements of the body, 
finally forming a loose mass at the base of the cremaster, where it is 
easily thrown off entirely. This operation is all accomplished in the 
brief space of four or five minutes. The pupa is now very pale in 
color, usually with the head and thorax lemon-yellow, or often dis- 
tinctly greenish, especially on the thoracic dorsum and appendages, 
with the spiracles brown and the abdomen creamy yellow. After an 
hour or two the abdomen has darkened considerably, the integument 
assuming a brown color and concealing the fat bodies beneath. From 
twelve to eighteen hours are required for it to gain the uniform 
brownish tint, which continues to darken for several days longer. 
Pupz forming late in the fall do not undergo this final darkening until 
a short time before emergence the next spring. 
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THE PUPA. 


The pupa is similar in color and form to those of the vast series of 
other Noctuid moths, and consequently is very difficult to describe in 
a way which will permit of positive identification. The following 
description is condensed from one drawn up by Mr. Girault based on 
a large number of specimens. 


DESCRIPTION OF PUPA. 
(Pl. XII, fig. 4.) 


Length, 14 to 23.4 mm., excluding the cremaster; ‘average, 18.97. Body shining 
reddish brown, darker above the incisions; the head, spiracles, and cremaster with a 
very dark median line above which fades out behind; wing covers often paler. 

Head finely transversely roughened, with several oblique strize. Toward the 
middle line in front of the insertion of the antennz are two short delicate setze aris- 
ing from minute punctures, and just before the hind margin is an indistinct cres- 
centic impression. Just before the insertion of the antennz are three more or less 
distinct longitudinal lines reaching as far as the eye. 

Thorax more densely corrugated than the head, with a more or less distinct median 
carina which shows from above asa darker median line. Prothorax impressed along 
the anterior margin and bearing behind the middle a pair of minute median setiger- 
ous punctures placed on minute depressed rotato-rugose pim- 
ples; also a similar setigerous puncture just in front of the spir- 
acle. Mesothoracic dorsum at anterior third, with a more or less 
distinct coalescent. pair of raised roughened areas; a margined 
setigerous puncture toward the lateral margin; behind these at 
the base of the wing covers are four shallow foveze, three of them 
sometimes placed in a triangle. Middle of dorsum with two 
more or less distinct, short, diverging furrows on each side. 
Metathoracic dorsum irregularly corrugate, more finely sculp- 
tured on the lateral lobes, with a setigerous puncture near the 

Fig. 9.—Enlarged _—_ hase, central to the lobes, with covers very finely and irregularly 

caudal end of sculptured, highly polished. 

Deer ora Abdomen above irregularly transversely aciculate, the anterior 
margins of segments 4-7 coarsely punctured above, and of segments 5-7 below; 
eighth and following segments connate, the last bearing the cremaster at its apex. 
Tip obliquely truncate below; penultimate segment with a similar raised space less 
sharply divided at the middle. 

Cremaster consisting of two slightly curved spines, their extreme tips bent at right 
angles; very dark on basal half and paler distally (see fig. 9). Length, 0.9-1.24 mm. 


The weight of 21 pup of the second generation freshly dug out of 
the soil was 9.24 grams or 0.44 gram ae 64 of them Bye weigh- 
ing an ounce. 


LENGTH OF THE PUPAL STAGE. 
The time passed in the ground after the larva has made its burrow 


until the moth emerges varies from a period of less than two weeks 
for the summer broods to about six months in the case of the hiber- 
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nating generation in the cotton belt, and this period for northern 
localities is still greater. 

Data collected at the laboratory for over a hundred individuals at 
different times during the season are summarized in the following table: 


TaBLE XX XII.—Duration of pupal stage. 


he Effect- || | Effect- 
Larva in Moth ay a | Pupal| ive Larvain | Moth a na Pupal | ive 
soil. emerged. pee 5 stage. |temper- soil. | emerged. ae e, Stage. |temper- 
ature. | : ature. 
| : 
Days. | Days..| ° F. | Days. Days. ha fs 
May 8-10 ...| May81...-- Cb ae 662 || June 18-21.| July 4-7...-. LS ies or 621 
May 13-16 ..| June 2-6... QO See =e 770 JIS ees PAS S24 as db es ae eee 607 
MMV AD ee. June 7-9... DO Ieee cece 653 | July 27-29 .| Aug. 12-15 . 1 (ihe es areas 631 
May 21-22 ..| June 6-10-. Sie ae Sees 598.6 |) Aug. 5..... | Aug. 20 .... IUD |Rsraaere Ses 606 
Many 265.5. June 11-15. 173 14 615 Jet gees - pene Se WGEy he aah oe 708 
May 30-31 ..| June 17-20. 19 | 144 | 665 || Aug. 17-19 .| Sept. 1-3 ... iS yeke' ie, semen & 639 
June 3-4..../ June 20.... 16; | 16 605 Septag ass. Sept. 20 .... 17 16 621 
June 10... Jue 24-72, a ee 3 oa). 1), Sept. 20 -_-.) Oet. 16 —. -.. 1, eae | 885 
wee U5.5 2 x June 24- 15- || 13 38. a Septsro 4-2) Oct. 2aico-=- 25 20 | 724 
July 3. | eee 
| 


It will be noticed that the records in the third column include the 
time between the entrance of the larva into the soil and the emergence 
of the moth, while the time for the true pupal stage, shown in the 
fourth column, is somewhat less. The exact time is usually hard to 
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Fie. 10.—Chart showing relative length of pupal stage during season of 1904, Paris, Tex. (original). 


determine, however, without disturbing the pupa concealed in its cell. 
Under normal conditions the quiescent stage, after the burrow is 
completed, lasts from a few hours to five days. 

The comparative length throughout the season at Paris, Tex., of 
the stage passed in the ground is shown in figure 10. 

During 1903 a series of pup observed at Calvert, Tex., passed 
through this stage in ten and a half days, a shorter period than any 
observed at Paris, due no doubt to the more southern locality. 
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EFFECT OF EXTERNAL CONDITIONS. 


The influence of varying temperatures on the length of the pupal 


stage is exceedingly interesting and instructive, the pupa being appar- 


ently much more uniformly affected than the other stages. This is 


evident from the close agreement between the sums of effective tem- 


peratures given in the preceding table. 

On July 20, 1904, three recently formed pupze were placed in ae 
laboratory ice box andl left there for thirty-five days at a temperature 
averaging about 57° F. They then showed no signs of emerging and 
were removed to the temperature of the laboratory, where the moths 
appeared after from five to eight days. They must have been develop- 
ing slowly in the refrigerator, as the seven days during which they had 
been at normal temperatures would not otherwise have been sufficient 
for development. Calculations based on this experiment compared 
with several other lots of pupz that developed at normal temperatures 
show that development is apparently almost prevented by low tem- 
peratures and suggests that the growth of the pupa is determined with 
reference to. a higher temperature than the 43° F. usually chosen. 
This is shown as follows: 


TaBLeE XX XIII.—LHffective temperatures for pupal development. 


Sums of effective temperatures. 


Length of stage. 


‘| Above 43°. | Above 58°. | Above 60°. 

fo) (o) ORT Gs 
MaysO told... 8 1S eer suea eae eee GOS As pe ene Ny abe tat ae 662 317 271 
Jimmie LOGO DA | 5 ce Se ere ee oe ee ee Pre reek en 530 |- 305 | 275 
September 29 to:\Octoben23 fee2 ee ee ee eee cee ee eee eee eer 724 349 300 
Tee-box ‘experiment - 2) Jsece. WU Bee pee ces geo ee ete 1,341 | 859 308 


It will be noted that the sums are more nearly equal when 58° or 60° 
are assumed to mark the inception of metabolic activity. 

During September, 1904, the influence of extreme cold was tried in 
two cold-storage vaults at temperatures of 34°, 27°, and 18°, respec- 
tively. The results obtained are tabulated below: 


TABLE XX XIV.—Effect of low temperature on pupe. 


Larve in cells. Pupee in loose earth. 
Moths Re- Moths Re- 
Temperature conditions. emerged. main- emerged. main- | - 
Mor- Mor- 
Total. ed— ialaee Total. ea— tality 
Perak), Des Mites leer Per-|_ De-_| live ae 
fect: |formed,| pupee. feet. |formed.| pupe. 
Percent. Percent. 
A. Placed at 34° for 48 
MOUS Ae eee he 19 4 0 4 58 14 2 1 0 79 


B. Placed at 34° for 24 
hours, then at 27° | 
for gS hong o-+-- .- 23 4 i 1 74 14 | 0 0 0 100 
C. Placed at 34° for 24 
hours, 27° for 24 | 
hours, then 34° for 
72 NOUNS ess eres’ 21 12 0 3 29 i ee 0 0 100 
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Although the sudden change from summer temperature to freez- 
ing was quite abnormal, the difference in results from the three lots 
is very instructive with respect to the pupe in loose earth and those 
in the cells. Not a single pupa survived freezing in a broken cell, 
while a number successfully withstood it when resting in their cells. 

The effects of this cooling did not disappear at all on the pup which 
had failed to emerge within a month after removal from cold storage, 
and they passed into winter hibernation. 

Later in the month the experiment was practically repeated with a 
box containing about thirty pup, half of them in normally con- 
structed cells and the others buried under an inch of moist soil. The 
box was first cooled at a temperature of 34° for twenty-four hours and 
then frozen at 27° for three days. No moths appeared until Decem- 
ber 10, when a male moth emerged. Four days later the pupz were 
examined and it was found that three live ones still remained in their 

pupal cells, while all those buried in loose earth had been killed. 


HEAT. 


The effect of hot sunshine on pup was tried during August, 1903, 
at Calvert, Tex. Three pups, two days old, were placed on the hot 
soil at noon where the sun shone on them and left for a period of ten 
minutes. On removal to normal surroundings at a subsequent exam- 
ination all were found to be dead, due, no doubt, to the heat. 

Experiments show, however, that pupz can withstand heat much 
more readily under conditions of great humidity. Twenty healthy 

pup were covered with about half an inch of loose damp soil and left 
where the sun could strike them. During the next five days two 
good rains fell, after which the pup were examined. Sixteen were 
alive, one was parasitized, and two were dead. On another occasion 
four pup were placed in artificial cells in the laboratory garden where 
the sun could strike them and covered with a bell jar. In spite of the 
humid atmosphere and heat three perfect moths emerged. 


SOIL. 


The moisture content of the soil does not seem to influence the 
length of the pupal stage. Of two boxes, each containing twenty 
pup in normal cells, one was watered and kept continually damp, 
while the other was left todry. From the dry box there emerged 
‘thirteen moths, and from the wetted one, eleven, the pupal stage being 
nineteen days in each case. However this may be, it has been noticed 
that lots of pupz which have been under dry conditions until about 
ready to emerge will often do so more quickly if the ground be 
wetted. 
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When the pupal cells have been broken up the distance which the 
emerging moths can work their way through the soil depends almost 
entirely on the consistency of the latter. Very loose, friable, sandy 
soil seems to offer no obstacle at all, as the following experiment will 
show. Two lots of nine pupe were placed in separate jars, buried 
beneath 2 and 4 inches, respectively, of dry, finely broken sandy 
loam. In each jar seven perfect and one imperfect moth emerged. If 
the earth is damp and packed down upon the pupe, either by rains or 
otherwise, the result is very different. One box centaining sixteen 
pupe covered with 14 inches of soil and thoroughly wetted was allowed 
to dry hard. Only two perfect moths emerged, the three others which 
emerged failing to expand their wings. The others were found 
embedded in the soil in their split pupa cases, from which they had 
been unable to escape. Other scattered observations show that from 
24 to 5 inches of moderately moist, heavy earth will almost entirely 
prevent the emergence of perfect ee 

The effect of submergence under water was also tried upon pupe in 
cells and loose in the black soil of the sort occurring in the river bot- 
toms that are subject to yearly overflow. In each case the earth was 
covered to a depth of 13 inches with rain water. At normal summer 
temperatures the pupe could not withstand twenty-four hours’ sub- 
mergence, but in the ice box, at a temperature of from 50° to 60° F., 
they were unharmed by from four to six days” submergence. 


MORTALITY DURING THE PUPAL STAGE. 


Under normal conditions mortality during the pupal stage is but 
slight, although a number of larve die in their underground cells before 
pupating. Ina lot of forty larve entering the soil during the latter 
part-of July, only twenty-four, or 60 per cent, emerged, while of larve 
which successfully pupate from 80 to 90 per cent usually emerge. 
The mortality among the hibernating pupz under normal conditions 
must be very much greater. In one case twenty-five larve nearly or 
quite full grown were placed in a box with food on October 30, 1903, 
and the box sunk level with the soil, at Hetty, Tex. No moths ape 
emerged by June 2, 1904, the pupz were exhumed and only two live 
ones found, one of which later failed toemerge. ‘Traces of five others 
were found. Of .asecond lot, five larve entering the soil at Victoria, 
Tex., November 5, 1903, not a single one survived the winter. Ina 
third lot at Calvert, Tex., consisting of seven pupx buried in loose 
earth, November 3, 1903, oe two survived the winter, while of twenty- 
five larve left to pupate at the same time, ten had aupatee and sur- 
vived. The results shown all point toa much greater mortality for 
this generation, although much seems to depend on local conditions. 
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THE BOLLWORM MOTH. 


Fig. 1, Exit holes of moths, made in escaping from pupal cells in ground; fig. 2, condition of moth 
immediately after its emergence from soil; fig. 3, bollworm moth with wings expanded; fig. 4, 
moth, showing alert position when disturbed; fig.5, moth at rest on cotton leaf—all figures about 
twice natural size (original). 
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THE ADULT. 


EMERGENCE. 


The method of emergence of the moth has been already referred to 
under the discussion of the pupa. Under normal conditions the pupa, 
resting at the lower end of its subterranean burrow, splits the pupa 
case along the median dorsal line of the thorax, and the moth, escap- 
ing, with still unexpanded wings crawls up to the top of the burrow. 
Here it must break through the thin wall of earth before reaching the 
surface of the soil. The moths are very strong and have no trouble 
in loosening a piece of the thin crust, making an aperture through 
which they accomplish their exit. The openings through which two 
moths have emerged are shown on Plate XIV, figure 1. Once out, the 
moth is perfect, with the exception that the wings are unexpanded (see 
Pl. XIV, fig.2). After a few minutes the wings have become extended 
to their full size, and several hours later the moth is able to fly (PI. 
XIV, figs. 4 and 5). If disturbed before the wings are strong enough 
for flight, the moths are very active and can run about with surprising 
agility. 

There is a well-marked tendency among moths toward emerging 
during the night and very early morning. About twenty appear dur- 
ing these parts of the day, compared to six which come out later. 


DESCRIPTION OF MOTH. 


As has been already mentioned in the earlier pages of this bulletin, 
the bollworm moth is extremely variable in color and markings (see 
Pl. XV). Of the five varieties there enumerated, but two, or possi- 
bly three, have been met with in Texas. The commonest variety is 
ochracea Ckll., thirty-five in a lot of sixty-five being referable to it, 
some of them very dark in color and apparently approaching the 
European fusca Ckll. The remaining thirty are variety wmbrosa 
Grote. 

Individuals belonging to these different forms have been reared from 
eggs deposited by the same female, and there can be no doubt that 
they interbreed with perfect iene 

In ochracea the wings have an ochraceous or nectdaeli tinge which is 
often quite coppery in very dark moths. The hind wings are always 
rather strongly marked, the apical band very distinct, and the wing 
veins usually lined with black. The front wings have in the darker 
specimens a very distinct transverse dark band, but in lighter indi- 
viduals this is often scarcely at all evident. The stigmal spot is often 
absent and never strongly marked. Beneath, the wings havea subapical 
cross-band, less distinct on the hind wings, and a very distinct sub- 
- lunate spot. 
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The specimens referable to variety wmbrosa have a more olivaceous 
cast and are generally lighter in color. The stigmal spot is nearly 
always very plainly marked and the cross-band of the front wings 
more or less obsolete. The black apical band of the hind wings is 
not so pronounced as in ochracea. Beneath, the markings are about: 
the same, except that the band on the front wing is weaker and the 
one on the hind wing nearly always obsolete. 

More of the females fall in the ochracea group and more of the iy 
under umbrosa. 

SIZE OF MOTHS. 


Measurements of a series of 100 moths gave the following sizes: 


TaBLE XXX V.—Comparative sizes of bollworm moths. 


Wing expanse. Length. 
Sex. = 
Largest. | Smallest. | Average. | Largest. | Smallest. |} Average. 
Millimeters.| Millimeters.| Millimeters.| Millimeters.| Miilimeters.| Millimeters. 
Mailer ace teste - 47 30 40, 42 21.9 13 18.5 


Female 2-27 _- 46 34 40.86 |. 20.5 14.5 | 17. 89 


From this it can be seen that the males are considerably more vari- 
able in size than the females. In wing expanse they average a little 
smaller, but in length greater, probably on account of their longer and 
more slender abdomen. 


~ 


VARIATION AND POSSIBLE CAUSES. 


In spite of the very apparent variation of the moths, the causes 
which govern this variation are very obscure. Riley“ thought that 
those moths feeding on corn in the Western States were darker and 
more brightly colored than those of the cotton belt. In our experi- 
ence in breeding no constant difference was noticed between moths - 
bred from larve raised on corn and on cotton under the same climatic 
conditions. 

On several occasions it was noticed that moths emerging from pupze 
which had been placed in cold storage and kept at a low temperature © 
for several days proved to be much darker than any specimens we had 
seen elsewhere. On the other hand, no especially dark individuals 
are to be noticed among the moths of the spring brood whose pupz 
have been subjected to the gradually lowering temperature of the win- 
ter months. This shows plainly that the moths may be influenced by 
temperature, but it is evident that there are other factors concerned 
also. he 

To ascertain whether there was any relation between the extremely 
variable color of the larve and the color of the moths, the color of a 


@Fourth Report, p. 371. 
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number of bollworms was noted and they were then allowed to pupate 
separately. After emergence a comparison was made, but it a to 
show even the slightest relation. 


ANATOMY AND SEXUAL DIFFERENCES. 


It is beyond the scope of the present bulletin to consider in detail 
the anatomy of the bollworm moth. Most important in ‘relation to the 
economic position of the insect are the organs concerned in feeding 
and reproduction. In common with other lepidopterous insects, the 
bollworm moth feeds only on liquids, which are sucked up through 
the long, flexible proboscis. The latter is about three-fourths as long 
as the body and when not in use is coiled tightly beneath the head. 
When feeding it is held out nearly straight, a little curved near the 
tip, which is applied to the nectaries on the squares when feeding on 
cotton. Owing to the considerable length of the proboscis it can also 
- reach well within the cotton flowers. The food is drawn into the pro- 
boscis by means of the large muscular pharynx which acts as a pump. 

The pharynx connects with the food reservoir, or stomach, by a 
slender cesophagus. If overfed, as is often the case when food is 
plenty, the stomach becomes greatly swollen. 

In the female almost the entire cavity of the abdomen is filled by 

the ovaries. These organs consist of eight long tubules, four to each 
side of the body, although owing to their great length they are coiled 
and folded upon one another many times. Near the tip of the abdo- 
men they unite to form a single tube through which the eggs pass one 
by one, as they are laid. The more mature eggs are near the end of 
each tubule and those still in the process of formation near the farther 
and more slender tip. The distal portion of the oviduct is hard and 
chitinized, forming the ovipositor, by means of which the eggs are 
placed on the plants. When the moth emerges the eggs in the ovaries 
are small, but develop rapidly during the first day or two, at the end 
of which time oviposition may begin. From counts made of the eggs 
present in newly hatched moths, it seems probable that there is a con- 
tinual formation of new eggs aumine life. 
_ In the male the abdomen is usually narrower than in the female and 
the sides are more nearly parallel instead of bulging. The tip is also 
less pointed and more squarely cut off. The amount of food in the 
abdomen, however, very often conceals these characters, and others 
must be relied upon for the separation of the sexes. A second charac- 
ter which is sometimes available is the presence of certain spines on 
the front margin of the wing near the base. In the male there isa 
single long curved spine and in the female two equal smaller ones on 
each hind wing. They are not always easy to see, however, and are 
easily broken off. When such is the case it is necessary to resort to 
dissection to be positive. 
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In the male the genitalia are quite peculiar and consist of two fan- 
like lamelle, thickly fringed with long pale ochraceous hairs, which 
partially inclose the claspers (fig. 11). When everted the tufts of 

yellow hairs are very noticeable, but at rest 


the abdomen. 

Copulation was observed only once, in a 
small bottle and under very abnormal condi- 
tions. The moths were united end to end, 
as is the usual habit among moths. Many 


Fig. 11.—Genitalia of male bollworm other individuals have copulated in the breed-_ 
ing jars in the laboratory, but never when 


moth (original). 
under direct observation. 


PROPORTIONS OF THE SEXES. 


A number of observations were made and data concerning over 300 
moths were collected which bear evidence on the proportions of the 
sexes. These include records of moths collected in the field and of 
those bred out in the laboratory. In practically all cases there is a 
slight preponderance of females in the ratio of 168 females to 120 
males. Since the sexes are not readily distinguished externally, that 
of each specimen was determined by dissection. It might be suggested 
that the small number of males may be due to their greater agility in 
eluding capture in the field, but the records from the laboratory 
breeding do not bear out such a conclusion. 


’ LENGTH OF LIFE. 


The life of the moths seems to be determined almost entirely by the 
external conditions after emergence, especially by the supply of 
available food. During the season some eighty specimens were kept 
in breeding jars in the laboratory and subjected to variable conditions 
in order to ascertain the length of life. A short summary of the 
results is given in the table below. 


TABLE X XX VI.—Average length of life of moths in laboratory, 1904. 


Males. Females. 
Month. With Without} With Without 
food. food. food. food. 
Days. Days. Days. Days. 
DV Tye Se eee aad eae, 7h 33 + 52 
AUNEVE RS ashe sick see 12 4i 16 3 
7] Abies Ms ae oe 10 4 12 6 
ASIP NIST aa ette a eae 144 4 13 6 
September -........ gl We eeanges ced: Rohe Maer aisle 
Octobers: feces -cce LOR eo -eaceeins 8 es ee ae 


Longest life of males, 19 days 12 hours, during September. 
Longest life of females, 38 days, during Septem ber—October, 


they are almost completely retracted within 


me 


nth esa 
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From this it is apparent that the first generation is distinguished by 
its much shorter life, but with regard to any other generation it 1s not 
safe to generalize, except possibly to mention that the longest indi- 
vidual records were made during the month of September. 

During September Mr. Girault experimented on a series of twenty 
moths, each of which was subjected to different conditions of food 
supply. His results are given below. 


TABLE XXX VII.—EHffect of food conditions on length of life of moths. 


Length of life. 
Number and sex of : if Eggs de- 
Lot. moths. Food given. Males. |Females.| Seneral Range. | posited. 
2 "| average. 

Days. Days. Days. Days. 

1 | 1 female, 3 males...-.. INOIeR 2 Sa Aacee ss 6 42 5t 3 to 62 23 
OAC remakes. 6224 fe Water for one day.|.......--. 62 6+ 4i to 92 91 
3 | 2 males, 2 females....| Sirup one day ..-.. 63 82 72 63 to 8% 160 
4 | 2males, 2 females....) Water every day .. 93 103 10 7 to 12+ 10 
5 | 2males, 2 females....| Sirup every day ... 172 30 232 | 17 to 38 866 


It is at once seen that the length of life increases as we pass down 
the columns, but. that oviposition is not really begun until food is 
obtained, for it will be noticed that moths given only water laid prac- 
tically no eggs, although they lived longer than those fed once on | 
sirup. This one feeding, however, sufficed to induce considerable 
oviposition. 

The apparent necessity for a continuous food supply is a factor 
which is very important in relation to the feeding habits of the moths 
in nature, and will be referred to again in connection with the use of 
June corn and cowpeas as a trap crop. 

One point which may be mentioned in passing is the gluttony of the 
moths when given abundant food. The sirup or sugar solution used 
in the laboratory had to be given very sparingly, otherwise the moths 
would gorge themselves, and the subsequent fermentation of the sugar 
which could not be digested would invariably cause premature death. 


DAY HABITS. 


During the daytime the bollworm moth is usually very quiet, rest- 
ing immovable in more or less concealed places. During the early 
part of the summer, corn, which is still in the ‘‘ bud,” furnishes the 
_ favorite hiding place. Here the moths remain well down in the cen- 
tral cavity or between the still closely curled leaves. The insects rest 
with the head up and the wings tightly folded down over the back. In 
- this position they often remain during the entire day unless molested 
or frightened. A jarring of the plant, or any unusual disturbance, 
however, quickly awakens the resting moth, and hastily leaving ‘the 
plant it flies wildly until it chances upon another, where it quickly 
insinuates itself into the bud by a series of zigzag backward move- 
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ments. For a few moments afterward, until it has regained its com- 
posure, the wings are held somewhat apart and vibrate rapidly (see 
Pl. XIV, fig. 4). If again disturbed while thus on the alert, the sec- 
ond fieht is usually longer, and the moth will fly fora hindied feet 
or more before alighting. When the corn plants grow larger and the 
tassels and silks are formed, the moths are usually concealed at the 
base of the leaves close to the stalk. Later in the season the moths 
most frequently hide during the daytime in cotton fields, patches of 
cowpeas, or weeds in fence rows. In cotton or cowpeas the leaves 
afford abundant shelter and the moths are usually to be found resting 
on the upper side of one leaf in the shadow of another. (See Pl. XIV, 
fig. 5.) More rarely they may be observed hanging to the flowers or 
squares. When disturbed, they dart down along the rows or between 
the plants, losing no-time in choosing a second hiding place. They are 


Xe) quick 1 in getting concealed that they sometimes disappear as if by 


magic, especially where the foliage is dense. 


It is only rarely that moths are to be seen feeding or ovipositing i in 


bright daylight. But at periods when food is scarce a number of 
moths are usually active during the day. They have been seen feed- 
ing on the following plants in the daytime: Alfalfa flowers; cotton; 
‘cowpeas; Hupatorium serotinum, a common roadside weed; wild sun- 
flowers; and Solanum rostratum, another roadside weed. On corn 
they have been observed to feed on the sweet secretion of Aphis maidis 
Fitch and Dicranoptropis (Delphax) maidis Ashm., and on drops of 
rain and dewdrops upon grass. Cockerell records them feeding on 
plum blossoms at Mesilla Park, N. Mex., early in April. _ 


NIGHT HABITS. 


At about 4 o’clock in the afternoon, when the heat of the day has 
passed, the period of activity for the moths begins, and continues until 
well into the night. Sometimes, however, activity does not begin 
until much later, often not until half-past 6 or 7 o’clock. It is quite 
noticeable that during periods when food is scarce, owing to drought 
or other causes, the moths are out earlier than at other times. In fact, 
their entire attention is given to feeding at first, after which the females 
begin to alternate this with periods of oviposition, as has been described 
in the preceding pages. The males no doubt continue to feed until 
the females are well started on their work of egg-laying, but after 
oviposition has become quite general males on the wing become scarce. 
_ During the process of feeding the moths fly in much the same way 


as when ovipositing. On cotton only the squares and flowers are. 


visited, no notice being taken of the nectaries on the under surface of 
the leaves. Alighting on a square, the moths seek out the nectaries, 
and if nectar is present each bract is usually visited in succession. If 


i. 
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the nectary is dry, however, no time is wasted before seeking another. 
In feeding on the flowers, the proboscis is inserted into the corolla, 
usually near the base between the petals. In such situations the moths 
are no doubt searching for moisture rather than honey. It is rare for 
the moth to visit more than three or four parts of one plant before 
flying away, although quite often it will return to a plant previously 
fed upon. During the course of an hour a moderately active moth, 
alternately feeding, resting, and ovipositing, will cover several acres 
of ground, visiting anywhere from one hundred to one hundred and 
fifty plants. 

Early in the evening, when the moths are first on the wing their 
flight is very swift, but gradually slowsdown. Asa general rule they 
are quicker and shyer on the clear evenings following hot, dry days, 
‘and less active in cloudy or rainy weather. This does not indicate a 
decrease in oviposition in rainy weather, as might appear at first sight, 

for rapid flight does not determine active oviposition. 

_ Night feeding is confined almost entirely to corn and cowpeas early 
in the season and to cotton and cowpeas later. Corn offers no primary 
attraction in the way of food, but they feed upon the moisture present 
and upon ‘the honey dew of aphids. ‘The honey secreted by the glands 
on the fruit stalks of the cowpea draws them to the plants, although, as 
before noted, oviposition is not common on them. Cotton must also 
offer a great attraction by supplying food, aside from any other con- 
sideration. At the time cotton is squaring and blooming extensively 
other food is scarce, and for this reason alone the moths may be 
induced to turn their attention to it. _ 


ATTRACTION BY LIGHTS. 


Although the uselessness of trying to capture the mcths by means 
of trap lanterns has been pointed out again and again, the method was 
tested very thoroughly during the year. Several tin traps were con- 
structed like the one shown on Plate X XV, figure 1, somewhat similar 
to a model described by Gillette, with the addition of a patent oil-torch 
lamp and a series of tin reflectors above. The lower portion was well 
stocked with cyanide, and the lamps put in operation in corn and cotton 
fields at various dates during the season. The first night, May 2, a 
single male Heliothis was captured, but the traps yielded no further 
moths in fifteen future settings, and were abandoned until later in the 
season. During the early part of September the traps were again 
resorted to with less discouraging results, 8 males and 2 females being 
caught in four settings. At this time, however, moths were present 
in countless numbers in the patches of corn and cowpeas where the 
traps were placed. Aside from these captures, 3 single female speci- 
mens were collected at different times flying to the lights in windows 
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of dwellings. All observations serve to show that the attracting of 
the moths to ordinary oil lights is an utterly hopeless task. 

Brilliant arc lights are an attraction, however, and during the early 
part of August, at Paris, along the business street, within a space of 
four blocks, sometimes as many as forty or fifty of the moths could be 
counted near the lights. Saloons and fruit stands offered especial 
inducements, no doubt on account of the odors of fermenting fruit, ete. 
Professor Morgan? mentions.a similar instance: 2 

Last season, in collecting by an electric light on the university campus, under which 
the crab grass had been permitted to grow and go to seed, great numbers of a light- 
colored moth were seen to be perched upon the heads and stems of the crab grass, 
from 20 to 50 feet from the are light. Upon collecting a few they were found to be 
specimens of the bollworm moth. *. * * During the entire evening not a single 
specimen was seen to fly up to the light, but all remained at some distance from it. 

Chittenden’ also states that during the latter part of September, 
1900, bollworm moths formed about 16 per cent of the total number 
of moths attracted to the electric street lights at Washington, D. C. 

We have had experiences similar to the one noted by Professor 
Morgan. During early September it was observed that the corn - 
plants for a distance of 50 feet surrounding the lantern traps were well 
supplied with hiding moths the day after the traps had been in opera- 
tion, although hardly any moths had been caught in the trap itself. 


ATTRACTION BY POISONED SWEETS. 


All attempts to trap the bollworm moths in this way have yielded 
absolutely negative results. During the latter part of the summer 
quite a number of experiments were tried with different combinations _ 

‘In varying proportions of New Orleans molasses, sorghum, vinegar, 
and beer; some of them poisoned by potassium cyanide or cobalt, and 
others not. The solutions were placed in flat pans elevated on pedes- 
tals from 13 to 4$ feet high (see Pl. XXV, fig. 2). None of them 
attracted more than-an occasional stray moth, although they were 
placed in fields of corn and cowpeas where the moths were extremely 
abundant. 

At other times during August and September a number of water- 
melons were cut open in the fields and left to ferment and decay. At 
no time did these attract any bollworm moths, although the cotton 
moth Alabama (Aletia) argillacea was observed to feed on them toa 
slight extent. 

fh periments were also tried by spraying the cowpea | vines with a 
mixture of sorghum, vinegar, and beer poisoned with cobalt. This 


2Bul. La. Expt. Sta., 2 ser., 48, p. 159. 
>Bul, No. 30, n. s., Div. Ent., U.S. Dept. Agric., p. 86. 
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injured the vines to a slight extent, but no moths could be seen feeding 
on it, nor could dead ones be discovered in the vicinity. 

Dion these tests it is safe to conclude that the use of poisoned sweets 
can never be a success in trapping the moths. 


LENGTH OF LIFE CYCLE. 


The duration of the embryonic, larval,and pupal instars has already 
been discussed, and the length of the life cycle is easily had by com- 
bining these records made on the same individuals. 

This has been done in the following table, which gives the duration 
of a series of life cycles during the different parts of the season of 
1904, at Paris, Tex. 


TaBLeE XXX VIII.—Length of life cycle at Paris, Tex., 1904. 


Sum of 
Eggs laid. Eggs hatched. Larve pupated. Moth emerged. seule font 
tures. 
} Days. On Bus 

voy er (7 eee ADEM OS oo ese kt IMESIAS staamteee cee tons Macon ectacntaee eae 59 1, 485 
Weil Cee aes Ayprilg. 2 42528. < IPA IGE SE Bar eee JTC ase set eee 52 te 420 
JahT OTOL 29) oes ae FA (haat ee JUIN L See Nee a Nee es TRIMes20 eye ee er 53 f 601 
WliyGr¢ i> < 32-2). dial yee secoee oe: POC fo 7a ee ge One Wue Ost G soe ee ete 41 1, 597 
Jinks eae Jiu Is Bape eee ATISUIS DO eee ee kee SAU SUIS GUE a eee 32 1, 237 
AUISMUISE ON Fs oe. 2%3 ‘Aueust 82 5o5228 USSG Os cease ce te September 422-2222. 42 30 1, 186 
WO Bree ee 2 = |S i52 GOS ses MUSWSCZDS = = sss ee Seprem ber ii eas. ae-- 36 1,573 
AUP UST ZO = 3. 5) = AMIS US SMe September 27.2.5:.2... Octobernla 322 seer 48 1,319 
September 5 -..-.- September 8 ....| September 24........- OCLODer AO ee eee: 39 1,188 
September 13 ....| September 16 ...| October 10.....-..-..-. November lby-seceeeee G3" Disce wae 
— AATEIPEGTD 2 SSS SEE GEIS See RIC SE Sl CIE Sea mays eke lal I ee Dt A ac Oa do ag 1, 417 


At Victoria, the previous season, some life-cycle records were made 
early in the year, averaging as follows: 


TaBLeE XX XIX.—TLength of life cycle at Victoria, Tex., 1903. 


Eggs laid. Eggs hatched. Larve pupated. Moth emerged. a 

Days 
Apel Ape Sete ee PAN IPUURN Sees ease = Se oe WwilViany? Gest 2a)-s5a ee es ee JAIME Dene aac aet 49 
AIRY a Sia Ste ees se 2 ete shoe MiaiviGra shee terae L se. Miciy#28 See esse et Jiuimve Are OMS Ge oe cents 42 


The influence of the seasonal variation in temperature is very plainly 
to be seen, the length of the life cycle decreasing from fifty-nine days 
early in the spring to only, thirty days during the hottest part of the 
summer. 

It will be noted that the sums of effective temperatures for the dif- 
ferent records vary from 1,186° to 1,601°, with an average of 1,417° F. 
This latter may, no doubt, be accepted as very near the normal at 
moderate summer temperatures. 
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GENERATIONS OF THE BOLLWORM. 


It has long been stated that the number of generations annually of the 
bollworm in the cotton belt varies from about four in the more north- 
ern part to six or even seven in the extreme southern part. It does’ 
not appear, however, that this statement is based on actual breeding 
experiments, but rather on the result of field observations. Conclu- 
sions regarding this matter based solely on field observations are some- 
what unsatisfactory, as they are apt to be spread over a wide terri- 
tory and to be complicated by variations in climate and environment, 
as well as by the fact that the broods are confused on account of the 
long period of emergence of the moths in the spring. This causes the 
period of spring oviposition to be lengthened, so that’ long after the 
majority of bollworms are well grown others are still in the egg 
stage. These supplementary generations persist throughout the sea- 
son, and, although numerically unimportant, are apt to lead to con- 
fusion regarding the principal ones. 

As the question of the number of generations is one of importance, 
effort has been made to secure as much data on the subject, confirma- 
tory or otherwise, as possible. In 1903 attempt was made to secure 
information on this point by ascertaining, for different localities of 
the cotton belt, the periods of maximum oviposition of the moths 
during the season. It was thought that these egg records for the 
season, when plotted, would indicate approximately the periods of 
greatest abundance of the moths, thus marking the respective genera- 
tions. Theoretically such data would undoubtedly furnish the infor- 
mation desired, but in practice many factors were found to enter into 
the making of trustworthy records, such as variations in the age of 
the corn used in making counts, the character of the weather, etc., so 
that little may be safely inferred from the egg records obtained. It 
is proper. however, that acknowledgment be here made of the assist- 
ance received in this work from Dr. W. R. Shawand Mr. A. C. Lewis, 
of the Oklahoma Agricultural Experiment Station; Mr. Mark Riegel, 
Pomona, Ga.; Prof. H. A. Gossard, of the Florida Agricultural 
Experiment Station, and the late Mr. G. H. Harris, of this Department. 
The records made by Mr. Riegel and by Mr. Harris are presented 
under the caption ‘‘ Oviposition on'corn” (p. 42), to which the reader 
is referred. . . ati 

At the beginning of the season of 1904 it was decided to carry a 
series of consecutive generations through the entire summer under 
natural field conditions. This work was conducted in a large field 
cage placed in a lot adjoining the laboratory at Paris, Tex. The cage 
consisted of a solid framework 15 feet long, 12 feet wide, and 8 feet 
high, covered with ordinary black window screen and provided with a 
small door on the side. (See Pl. XVII.) In it were planted two lots 
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- of corn, March 2 and May 5, and two lots of cotton, April 29 and 
July 26. With this arrangement the corn could be cut when it was 
no longer needed and the entire space given up to cotton later in the 
season. The screen prevented the escape of any moths or larvee, but 
left them subjected to very nearly normal weather conditions. It also 
served to keep out predaceous enemies and many of the larger para- 
sites, thus providing against possible depletion from these sources, 
and at the same time preventing access to the plants by moths outside 
of the cage. 

The cage was stocked with a large number of eggs on May 9, and 
the forthcoming generation of bollworms was traced in its develop- 
ment. The following table, compiled from daily records, summarizes 
very briefly the average growth of each generation: 


TABLE Rs @endrantons of bollworms, Paris, Tex., 1904. 


[Dates are for Paris, Tex., latitude about 33° 45/.] 


Larve Larvee 
Beood Moths | Eggs de-| Larve one- ase three- ae ta es 
: out. | posited. | hatched.| fourth omnes ee B 
grown. | & - | grown. | & 


1(50days).| May 6; May 9); May 14) May 21 | May 26} June 1! June 5| June8s. 

2 (35 days).| June 25 | June 27 | June 30 | July 7) July 11 | July 14} July 16} July 18. 

3 (38ldays).| Aug. 3] Aug. 5] Aug. 7] Aug. 10}; Aug. 14 | Aug. 17.| Aug. 20 | Aug. 22. 

4 (48days).| Sept. 3 | Sept. 10 | Sept. 13 | Sept. 18 | Sept. 23 | Sept. 25 | Sept. 27 | Oct. 2; in hiberna- 
: tion. 


The first record of injury to cotton was on July 6, due to young 
larvee of the second brood. The damage rapidly increased until, on 
July 12, some sixty squares and a few young bolls had been destroyed. 
A few days later, after the larve from corn had pupated, the corn was 
removed and late cotton planted in its place. The injury of the two 
following generations was confined entirely to the early planted cotton, 
as the late cotton was not squaring in time to be subject to attack. 
The fourth brood was represented by but few individuals, due possibly 
to the fact that the greater number of the pupe from the third genera- 
tion had remained in the soil to hibernate. This conclusion was 
strengthened by the appearance of a moth on September 22, evidently 
~a belated specimen of the generation due to emerge on September 3. 
The few larve pupating early in October also passed into hibernation 
with the pupz of the previous generation still in the soil. 


LABORATORY EXPERIMENTS. 


In working out the life cycle of the bollworm in the laboratory at 
different times during the summer it was found by Mr. Girault that 
the growth and transformations undergone by individuals indoors 
closely coincided with the data obtained from the field work. The two 
sets of experiments were run along together, and the agreement 
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between the two was most gratifying. His laboratory records are 
presented in connection with the lengths of the life cycle on page 97. 

From observations and breeding experiments there can be no doubt 
that there are four principal generations each season in northern Texas. 


Besides these there is a fifth, which is of very small extent, and ‘appears: 


too late to damage cotton to an appreciable extent. 

At Victoria, Tex., about 320 miles south of Paris and in abaut the 
latitude of eho Fla., the number of annual generations, from all 
available data, appears to be about six. On the basis of four broods 
at Paris, six broods at Victoria could reasonably be expected by reason 
of its more southern location.and consequent longer breeding season. 
In 1903, and also in 1904, moths were out and ovipositing freely by 
the 1st of April, and in the fall of the former year, essentially normal, 
larvee had largely entered the soil for hibernation as pupe by the 
middle of November. There would thus be a breeding period of 234 
days, time sufficient for six broods at the average time of 37 days for 
each generation and a few days over, indicating a partial seventh gen 
eration, which actually occurs by the emergence of a few moths from 
late fall pupee. 

It is considered very probable that in the vicinity of Brownsville, 
Tex., and extreme southern Florida there may be seven full genera- 
tions each year. In the vicinity of Miami, Fla., according to Prof. 
P. H. Rolfs, complete hibernation probably does not occur, as he has 
observed bollworm larve during the winter months feeding on toma- 
toes, naturally necessitating more or less activity on the part of the 
moths during this period. However, according to the gentleman men- 
tioned, the larve do not appear in force until along toward May, so it 
would appear that the bulk of the insects hibernate as pupe. 

It is therefore seen that there may be from four to six annual gen- 
erations of the bollworm for the cotton belt. It will be remembered 
that this number agrees exactly with the estimated numbers of gen- 
erations by other workers. For the extreme southern parts of the 
United Stated complete hibernation may or may not occur, depending 
on local conditions and the character of the season. 

The number of annual generations of the bollworm has been indi- 
cated with more or less certainty for several localities in the central 
and more northern States. 

For northern Delaware, Professor Sanderson states: @ 

In this latitude the moths appear during May and deposit their eggs on corn and 


other food plants, such as beans. * * * The second brood of moths appears in 
northern Delaware about the middle of July, and a third brood during the first two 


weeks of September. This would indicate three generations of larvee, the third — 


pupating for the winter. 


«Insects injurious to staple crops, 1902, p. 153. 
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In New Jersey, according to Dr. J. B. Smith,* moths appear early 
in May and long before there is any corn for them to oviposit on. 
Eggs are therefore deposited on a great variety of plants, peas and 
tomatoes being favorites. ‘Toward the end of May early corn is well up, 
aud some eggs are deposited on these plants, the larvee eating in the 
buds and often boring into the stems. By the middle and toward the 
end of June the earliest larve are full-grown on peas and are ready 
for pupation. By the middle of July most of the larve on tomatoes 
in the southern part of the State are full grown and before the end of 
the month have disappeared. At this time, before the middle of July, 
moths from the earliest larve have appeared and have laid their eggs on 
corn. Young larveare found on the small ears before July 20, and by 
the middle of August have attained their growth and have changed to 
pup. The pupal stage at this time lasts only about a week and young 
larve of athird brood appear before the 1st of September. Theremay 
thus be three broods of this insect in the southern part of the State. 
North of the Sandy Plain two broods are normal and a third is is very 
exceptional. 

Concerning the number of gener ations in Ohio, Webster and Mally 
state: ? 


While there may be three broods in southern Ohio, in the northern part of the 
State there are probably but two. These broods appear to be interminably mixed 
before fall, and so late as November partly grown larve may be found in the ears of 
corn. , 


Three generations are indicated for Illinois by Mr. C. A. Hart,’ in 
spring boring into tomatoes, in summer eating unfolding corn, and 
later feeding in the cavity near the tip of the growing ear. 

According to Professor Osborn,? in lowa— 


There are probably two broods in this latitude. The larve of the first brood 
appear in the early part of the season and feed on various plants, so that they do not 
attract attention, while the second brood of larvee attacks the corn at the time the 
ears are forming or soon after in the manner already described. The second brood 
of larvee pupate and produce moths in the latter part of the summer, and farther 
south at least it is stated that a third brood of larvee occurs from which pup are 
produced to pass the winter. 


A statement by Professor Riley“ in the Fourth Report is of interest 
in this connection: 


If, as we have stated, there are 3 normal broods a year as far north as New Jersey, 
Ohio, and northern Illinois, then in South Carolina, north Georgia, Tennessee, and 
Arkansas there are probably 4 broods, and as many as 6 in south Texas and Florida. 


a@Ann. Rep. N. J. Exp. Station, 1892, p. 442. 

> Bull. 96, Ohio Agric. Exp. Sta., p. 17. 

¢Syn. Ins. Coll. for Ill. High Schools, 1903, p. 38. 
a Bull. 24, Iowa Agric. Exp. Sta., p. 1004. 

€ Fourth Rept. U. S. Ent. Com., p. 373. 
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In Massachusetts, according to Lounsbury ¢—. 


The caterpillars pupate beneath the surface of the ground, and those of the second 
brood pass the winter in the pupal stage. 

Concerning the generations of this insect in Ontario, Prof. W. 
Lochhead states: ? 


Observations point to the view that the corn worm is single-brooded with us, but 
it may be double-brooded in some of the southern localities. 

In order to ascertain, if possible, what relation the total effective 
temperature during the breeding season has to the number of genera- 
tions of the bollworm in different localities, the following table was 
constructed. It is based on Weather Bureau temperature records for 
various localities and the effective temperature determinations derived 
from laboratory experiments at Paris, Tex. In each case it is assumed 


that the average effective temperature required for a single life cycle 


is 1,417° F. and that activity in the spring does not begin until the 
monthly mean has reached from 62° to 65°, ceasing in the fall at the 
same temperature. Such assumptions seem justified by the observa- 
tions presented in the earlier part of this bulletin. 


TABLE XLI.—EHffective temperatures, calculated and reported number of generations of 
bollworm for different parts of United States. 


Total ef- : 
fective | Calculated | 
2s Pete He tempera- number | Reported number of 
Locality. : Season of activity. ‘ture during! of genera- generations. 
’ season of tions. : 
activity. 
ois 

Dimpiter wai aces sea ee ee IAN Veatiecn aie se essee 11, 058 7.9 
Vietonial ex.) 224/5 poms eae Maradl=Noyes0) secs) 8, 876 Gs Qui 16: 
Paris, Mex Sew Sages pate ne April Oetral soon: 6, 802 AND | 4: 
Baltimore, M@e . 2522225 5352% May Il-Septz30s22+224- 4,362 3.0 | 3 (Deere) 
Indianapolis, oY 6 lees Sheik ASRS ore GON es. eee 4,178 2.9 | 2-3 (Ohio). 
iIBoston: Masso!) Sebo = June 1-Sept. 30..-..--- 2, 967 rec lia er2t ate 
Oswego, IN Voce hack eo eee June 1-Aug. 30....-.-.-- PAPAL! 1.5 | 1-2 (Ontario) 


SEASONAL HISTORY. 
APPEARANCE OF SPRING MOTHS. 


The earliest records of moths in various parts of Texas during the 
spring of 1904 have been already referred to in connection with ovipo- 
sition, where the dates of finding the first eggs are given. While these 
dates probably represent very nearly the first emergence of moths, 
they do not show the general appearance, which is much later. Thus, 
the first moth to emerge at Victoria from a lot of overwintered pupz 
appeared March 20, and the last April 18, nearly a month later, while 
at Paris the moths first appeared during April, the greater portion 
not until the middle of May, and the last not until well on toward the 


a Bul. 28, Mass. Agric. Exp. Sta. (Hatch), p. 16. 
b Rept. Ent. Soc. Ontario, 1901, p. 75. 


a. 
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beginning of June. The later broods also bis long periods of 
emergence, as indicated below. | 


TABLE XLII.—Dates of emergence of moths. 


Generation. Paris, 1904. ; Calvert, 1903. 
THIS? 2 2 SS ee ee April 3 to May 30....... gan oe April 5 to June 5. 
SE COTES. BS Seek eee eee June 20: to July 10 =... - peer Sae bos June 20 to July 5. 
GIRO oS ee ee Ne OP See eee July So Aesth) 225 Ste ae July 20 to August 20. 
IDO UTA BSS haere ae meee! August 25 to September 25.......- August 25 to September 20. 
ID. 02 ee ee October! to October di2-. 222 ----- (?) 


“<= 


It must be anderstood that these dates are the result of general 
impressions and observations made on oviposition, larve, etc., and 
can not be put forth as exact data. 

It was thought at first that there might be some very definite relation 
between the sum of effective temperatures to which the pup had been 
‘subjected during the winter and spring, and the dates of spring emer- 
gence; but calculations based on Weather Bureau temperature records 
do not show this. The dates of appearance in the different parts of 
the State are much closer together than such figures would indicate. 
It seems, rather, that spring emergence must be determined by the 
temperature of the soil during a smaller number of consecutive warm 
days. Our Texas records tend to show that moths begin to come out 
in. the spring about the time that the mean monthly temperature 
reaches 63° to 65° ¥. 


PROGRESS OF INFESTATION BY GENERATIONS. 


Once the spring moths are out they soon begin to oviposit, princi- 
pally on young field corn, it being the most general food plant for 
the first generation of larve. These larve mature in the corn, pupate, 
and the moths of the second generation emerge in time to oviposit 
upon the tassels and young ears of the corn in the same fields which 
supplied food for the first generation. The resulting larve mature, 
most of them pupating just as the ears commence to harden. Two 
weeks later, when the third generation of moths appears, the early 
corn is well hardened and unfit for oviposition. On this account the 
near-by cotton fields are chosen by the moths and the eggs of this 
generation are placed on the cotton plants. The larve of this gen- 
eration also attack late corn if it is accessible, much preferring it to 
cotton. ‘This is the generation of bollworms which does the greater 
part of the injury to cotton. Alfalfa is also considerably attacked 
by this generation, even if it is growing close to corn and cotton. 
The fourth generation, appearing early in September, attacks espe- 
cially late cotton, which is still green and bearing squares and young 
bolls. Late corn and alfalfa also suffer to a considerable extent from 

this generation. 
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INCREASE IN NUMBERS DURING THE SEASON. 


The comparative difference in numbers between the moths of the 
first and second generations can be determined in a general way from 
the tables on oviposition already given, since corn receives practically 
all the eggs of these generations. It is seen that the second genera- 
tion lays about forty times as many eggs as the first, and assuming, 
as seems to be the case, that these moths lay individielie many more 
than the spring moths, it may be said that for every spring moth 
there are thirty moths in the second generation. This agrees well 
with observations made in the field. 

Fifteen, or one-half of these moths being females, ae probably about 
1,100 eggs each. Of these only about one larva in fifteen matures, or 
Ape fifteen times as many as there were moths in the second gener- 
ation. This number is about 1,100. 

Half of these, emerging as fomiai moths of the next generation, will 
lay in all some 605,000 eggs. Observations show that about one in ten 
of these eggs, or 60,500, will give rise to destructive larye. 

Allowing for the probable decimation of 65 per cent by the para- 
sites and predaceous enemies of the growing bollworms, there still 
remain some 21,175 larvee of the third generation to a on cotton 
for every moth emerging the previous spring. 

This shows the great importance of destroying the larvee of the first 
generation, as every one of them will average 683 descendants in the 
late summer capable of completely ruining 78 large cotton plants. 


DO THE ADULTS HIBERNATE? 


The hibernation of the adult bollworm moth has always been an 
open question, and in order to obtain all possible data bearing evi- 
dence on this point, Mr. Girault made a trip into southern Texas dur- 
ing the early part of February, 1904, with the especial purpose of 
searching for hibernating individuals. 

At Corpus Christi and Victoria a number of days were spent in 
examining places where hibernating moths would be apt to hide. 
These included woodlands surrounding fields, rubbish in corn and 
cotton fields, barns, outhouses, etc., but not a single bollworm moth 
was discovered. Fresh growing plants and garden vegetables were 
searched also and sugaring tried, but with the same result. 3 

Mr. J. D. Mitchell, of Victoria, believed that he had frequently seen 
hibernating specimens, but in two cases at least it was found that he 
had been misled by the close resemblance in color and general appear- 
ance of Heliophila (Leucania) unipuncta Haw. and Remigia repanda— 
Fab., to the bollworm moth. 

All laboratory experiments bearing on this point also tend to show 
that while life may be prolonged by subjection to low temperatures, no 


Bul. 50, Bureau of Entornology, U.S. Dept of Agriculture. PLATE XVI. 


INSECTS SOMETIMES MISTAKEN FOR THE BOLLWORM. 


Fig. 1, Cotton square attacked by caterpillar of Calycopis cecrops; fig. 2, larva of Prodenia ornitho- 
galli, injurious to cotton square; fig. 3, larger larva of same species, boring into a large boll; 
fig. 4, adult moths of the same—all figures enlarged about one-half (original). 
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Bul. 50, Bureau of Entomology, U.S. Dept. of Agriculture. PLATE XVII. 


Fia. 1.—LARGE BREEDING CAGE. 


Used at the Paris laboratory in determining generations of the bollworm. Planted to corn 
(original). 


Fi@. 2.—SAME, PLANTED TO COTTON LATER IN THE SEASON (ORIGINAL). 
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Bul. 50, Bureau of Entomology, U. S. Dept. of Agriculture. PLATE XVIII. 


PREDACEOUS ENEMIES OF THE BOLLWORM. 


Fig. 1, Polistes annularis, a wasp predatory on the bollworm, and its nest, two-thirds natural size; 
fig. 2, Lycosa riparia with captured bollworm moth, natural size; fig. 3, Deromyia angustipennis, 
a robber fly predatory on the bollworm moth, enlarged one-half; fig. 4, Mallophora orcina, 
another robber fly which destroys moths, enlarged one-half; fig. 5, Metapodius femoratus, 3, 
known to attack bollworms, enlarged one-half (original). 
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moths live long enough thus to enable them to pass the entire winter 
in hibernation. 

With regard to the moths in the large field breeding cages some evi- 
dence was secured. Although scattering moths continued to emerge 
during September and October, all died within a short time, and none 
showed the slightest inclination to hibernate. 

This is, of course, negative evidence, but enough to permit of the 
conclusion that hibernation of the moths in Texas is most unlikely, 
~ and that if it does occur an extremely small number must hibernate in 
this way compared with the numbers of the insect which pass the win- 
ter in the pupal stage. 

On the other hand, it is quite at: that in southern Florida the 
moths remain more or less active throughout the entire year, since the 
temperature there ordinarily does not fall below 65° F. in the winter. 
This is not true hibernation, however. 


INSECTS SOMETIMES MISTAKEN FOR THE BOLLWORM. 


Unlike the Mexican boll weevil, the bollworm has been for so long 
a well known cotton pest that it is rather unusual for planters to con- 
fuse it with any other insect affecting cotton. 

There are, however, two other caterpillars which injure cotton in 
exactly the same manner as the bollworm, so that unless the insects ° 
themselves are in evidence it is not possible to tell their work from 
that of the genuine bollworm. Fortunately neither of them is ever 
present in large numbers, and the damage which they cause is imma- 
terial compared to that aeee by the bollworm. 

_ The first of these is the cotton cutworm, Prodenia orriitho galle 
Guen. (see Pl. XVI, figs. 2, 3, 4), which sometimes feeds on the 
squares, flowers, and bolls. It bores into them in exactly the same 
way as the bollworm. It is also a very general feeder, frequently 
occurring on the spiny pigweed growing adjacent to cotton. Larve 
were seen on cotton only during July and the oe part of August, 
disappearing after that date. 

The second is the larva of a butterfly, Calycopis cecrops Fab., bet- 
ter known under the name of Zhecla peas Hbn. The adult agiioste 
on the involucre surrounding the squares, and the resulting larvee eat 
out the contents of the squares, making a large hole in the side similar 
to that left by a good-sized bollworm (see Pl. XVI, fig. 1). This 
caterpillar also is most abundant early in the season, generally during 
the latter half of June and the first two weeks in July. No doubt it 
would be much more destructive were it not for the frequency with 
which parasites prey upon it. Out of eight or ten larve brought into 
the laboratory at various times every one proved to be parasitized. 
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As has been mentioned already, the work of the young bollworm is 
often termed ‘‘ sharpshooter work,” and the very young larve referred 
to as sharpshooters, thus confusing them with the true sharpshooter, 
Lfomalodisca triquetra Fab., which feeds by ee = the stems of 
_the cotton plant (see fig. 12). : 

When greatly pressed for food, the cotton-leaf caterpillar ‘Alabosle 
(Aletia) argillacea, sometimes injures small bolls ina way which might 
possibly be mistaken for bollworm injury. Bolls thus injured always 
have the involucre eaten away first, and then large irregular cavities 
are eaten out along the sides. Often several caterpillars take part in 
injuring the same boll. 

In the identification of the bollworm moth by planters frequent mis- 
takes aremade. ‘The moths most usually confused are the army worm, 

5 Heliophila (Leucania) uni- 
puncta, and the cotton moth, 
Alabama, just referred to 
above. It is very unfortunate 
that such confusion exists, since 
on account of it the moths of 
the third brood are not noticed 
when they begin to oviposit on 
cotton. To know the dates of 
maximum oviposition is impor- 
tant, since all attempts at poi- 
soning the young larve must 
be made with a knowledge of 
the time when they will be 
hatching from the eggs. 

On corn, however, several 
species injure the plant in a 
way somewhat similar to the 
bollworm, both by feeding in 
Le the tender ‘‘bud” and in the 
Hie her shooter”: Homalodisca triquetra (aiter ear. In the South the larva of 

sri tases 2 the fall army worm, Laphygma 
frugiperda S. & A., is often found during the spring of the year 
eating out the bud of field corn, and from its resemblance to the lighter- 
colored bollworms is usually mistaken for that insect. During the 
summer late-planted June or other corn is usually badly infested by 
the fall army worm, and the offender is almost universally considered 
tobe the bollworm. The former insect occasionally bores into the soft 
milky ears of corn, either from the tip end, or from the base or side. 

In the more northern States, and occasionally south, the larva of 
Papaipema nitela Guen. eats into the bud of young field corn, boring 
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down into the stem, and its work is thus likely to be confused with 
that of the bollworm. Various cutworms at times attack corn ina 
way which, in the absence of the culprit, would suggest bollworm 
injury. 

PREDACEOUS ENEMIES. 


PREDACEOUS ENEMIES OF THE EGGS AND YOUNG LARVZ. 


The exposed position in which the eggs are placed lays them open 
to attack by numerous insect enemies, although the fact that they are 
scattered promiscuously about on the plants no doubt prevents much 
wholesale destruction which might otherwise take place. 

The nymphs and adults of Zrzphleps 
insidiosus Say (see fig. 13) have been 
repeatedly observed feeding on bollworm 
egos and on very small larve. This little 
heteropteron is especially abundant. in 
fresh corn silk, and is often seen fre- 
quenting cotton plants also. Although 
in a number of instances noticed in the 
laboratory they seem loath to attack 
living larve, they are sometimes to be Fie. 13.— Triphleps insidiosus: adult 
seen in the field with newly hatched Ree ee 
larve impaled on their slender beaks. Their principal value lies, 
however, in the large number of eggs which they destroy. A special 
count was made at Sulphur Springs, Tex., on August 16, 1904, to 
determine the probable proportion of eggs destroyed by this agency. 
The eggs on ten different silking ears were examined, and on an aver- 
age 55 per cent of the eggs were found to be shriveled. It is probable 
that most of these shriveled eggs had been punctured and their con- 
tents sucked out by the Triphleps, which were numerous on the silks 
at that time. This is no doubt an exceptional case, but it serves to 
show of what great value the Triphleps may be under favorable 
conditions. 

Larve of the coccinellid beetle Megzlla maculata DeG., were observed 
on several occasions feeding upon bollworm eggs, and they probably 
do so very generally, especially on corn, where Megilla is quite abun- 
dant. In feeding they often tear the egg from its support, eat out the 
contents, and cast aside the empty shell. The ladybird larve can not. 
cope with bollworms which are their equal in size, but no doubt often 
-feed upon those newly hatched if eggs are scarce. While no other 
species were observed to feed on bollworm eggs or larve, it is not 
improbable that others do. Figure 14 illustrates a common form in 
cotton fields, feeding on plant lice and possibly on other insects. 
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Ashmead“ records an ant, J/onomorium carbonarium Smith, as feed- 
ing on the bollworm, and the same ant was again seen at Victoria feeding 
on embryo bollworms extracted from their shells. The same observer 
found Solenopsis geminata Fab. eating bollworm eggs, and we have seen 


Fic. 14.—Hippodamia convergens: adult, larva, and pupa (from Chittenden). 


a second, smaller species of the genus (Solenopsis texana Km.) very 
common on young cotton plants and apparently destroying newly 
hatched Jarvee which had been placed there pur- 
posely. Other ants have been observed under 
more or less suspicious circumstances which point 
to them as possible bollworm destroyers, although, 
on the whole, their value in an economic way is 
very doubtful. Following is a list of the ants in 
the probable order of their importance: 
. Solenopsis geminata Fab. 
. Cremastogaster lineolata Say. 
. Solenopsis texana Emery. 
. Monomorium carbonarium Smith. 

Dorymyrmex pyramicus Smith. 
. Forelius maccooki Emery. 
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Fic. 15.—Solenopsis gemi- : 2 y 
nate Cotten arerebE A worker belonging to the first of these species 


is shown in figure 15. 

The larvee of certain species of Chrysopa (fig. 16) are often abun- 
dant on corn and cotton plants, feeding on both the young larve and 
the eggs. The eggs of the chrysopa are laid on the cotton plants 
quite frequently and are sometimes mistaken for the eggs of the boll- 
worm. ‘They are deposited in an entirely different manner, however 
(see fig. 16, ), being attached by a long flexible stalk and not laid flat 
upon the plant, as is the case with those of the bollworm. 

On two occasions, once at Clarksville, Tex., and again at Victoria, 
during May, 1903, a small reddish mite was seen feeding on freshly laid 
bollworm eggs. 


@In Insect Life, 1894. 
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PREDACEOUS ENEMIES OF THE LARGER LARVZ AND MOTHS. 


Foremost among the predaceous enemies of the bollworm are several 
species of Polistes. There are three species which frequent the cotton 
fields: P. annularis Linn., a large black form with black wings and a 
single black cross band of yellow near the base of the abdomen; /. 

_ vub/ginosus Lepel.,a large, slightly stouter, rust-red species, with dark 
wings; and P. texanus Cress., a smaller, more slender, and variably 
striped form with paler wings. Polistes annularis builds large nests, 
often nearly a foot in diameter (see Pl. XVIII, fig. 1), and sometimes 
containing upward of a thousand cells; the others construct smaller 
nests, generally from 3 to 6 inches in diameter, and containing a pro- 
portionately smaller number of cells. 


eee 
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Fig. 16.—Chrysopa oculata: adults, eggs, larvee, and cocoon (from Marlatt). 


The adults of Polistes pass the winter hibernating in protected places 
near the cotton fields, and early in the spring each female starts a new 
nest. The larvee of the wasps are fed upon chewed-up bits of caterpillars 
captured by the wasps. By the middle of thesummer, when the bollworm 
is attacking cotton, their colonies are well grown and vast numbers 
of the wasps are circulating through the cotton fields in their tireless 

search for caterpillars. Once a bollworm is discovered, the Polistes 
seizes it just back of the head with her mandibles and in the case of 
a large worm usually stings it to death. Then, after a preliminary 
chewing, she carries it off to the nest, where it is distributed and fed 
to the wasp grubs. All cotton fields are well supplied with the wasps, 
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which build their nests in nearby trees or sheds close to their foraging 
ground. ‘The prickly branches of the osage orange trees, which often 
grow along the roadsides, are favorite locations for them. 

It is difficult to estimate the amount of good done by the wasps, 
but there can be no doubt that it is very considerable, probably exceed- 
ing that done by any other of the predaceous enemies. They are at 
work from daylight until dark, constantly in search of larve, and the 
vast numbers foraging in the cotton fields must necessarily destroy 
the bollworm almost exclusively. The most abundant and undoubt- 
edly the most beneficial form is Polistes annularis. 

On one occasion a nest of P. annularis at Pittsburg, nes was 
watched by Mr. Bishopp to ascertain the number of bollworms brought 
in by the wasps. The nest was of medium size, consisting of about 
twenty-five or thirty cells, with pupze, 200 to 250 larve, and 30 adults 
present at one time on the nest. During a period of half an hour eight 
bollworms and one Geometrid caterpillar were brought in by the 
wasps and fed to their larve and to other adults. 

From these facts it is apparent that the present custom of wantonly - 
destroying the nests of these wasps where they occur in or about cot- 
ton fields is a bad practice and should be disparaged strongly, so that 
the wasps may have full sway in their beneficial work. 7 

The wasps also frequent corn fields, and we have often watched 
them searching for bollworms where we have passed along the rows 
stripping the shucks from the ears and removing the larve. Several 
times they were seen to pounce upon larve left intentionally upon the 
ears. In cotton fields, where the larve are most exposed, the wasps 
are continually in search for them, feeding by turns on the honey 
secreted by the nectaries on the squares. 

Forming another group of predaceous enemies are a few large species 
of robber flies (Asilide) which frequent the fields. These flies do not 
destroy the larvee, but confine their attacks solely to the moths. The 
only species actually seen with a bollworm moth was the large brown 
Deromyia angustipennis Loew, but judging from their observed habits 
the numerous Erax and Mallophora (Pl XVIII, figs. 3 and 4) must 
undoubtedly catch the moths also. On one occasion a specimen of 
Deromyia was brought into the laboratory and tested as to its feeding 
habits. A bollworm moth was introduced into the jar with the fly, 
and although the latter was much hampered by lack of freedom, 
scarcely two seconds elapsed before it had secured the fluttering vib 
firmly between its legs and was inserting its sword-like proboscis into 
the moth’s body. The following is a list of the more common robber 
flies which were observed in the cotton fields: 


Erazx lateralis Macq. Deromyra umbrinus Loew. 
Erax bastardvi Macq. Dizonias bicinctus Loew. 
Mallophora orcina Wied. Scleropogon latipennis Loew. 


i) 


Deromyia angustipennis Loew. 


dug bal 


Another enemy of some interest, although probably of small impor- 
tance, is the wasp Humenes bollii Cress. On one occasion a nest of 
this species was found by Mr. Bishopp on a cotton leaf at Ladonia, 
Tex. The nests are constructed of mud and stored with caterpillars 
as food for the young wasp grub, which matures inside the clay nest. 
There can hardly be any reasonable doubt that the wasp building in 
this situation made use of bollworms for storing its nest. 

Quite a number of spiders were observed at various times destroying 
the bollworm in its different stages. In three of these cases moths had 
been captured, once at Victoria by a large specimen of Lycosa riparia 
Hentz (Pl. XVIII, fig. 2), and again at Paris, Tex., and also at Ladonia 
by a jumping spider (Adtus fasciolatus Hentz). A specimen of the 
same species of Lycosa, which was kept in captivity during the sum- 
mer, proved to be very fond of bollworm larve and moths, devouring 
several during the course of a day. 

_ A-smuall striped Attid spider (Dendryphantes nubilis Hentz) was not 
infrequently seen nesting beneath the involucres of the cotton squares 
at Paris, and on three different occasions they were observed with one- 
eighth to one-fourth grown larvee which they had captured in these 
situations. Another form (Attus cardi- 
nalis Hentz) was seen at Calvert, Tex., 
during August, 1903, with a half-grown 
bollworm in its jaws. 
No Texas ants have been observed in 
the act of capturing any large larve or 
moths, and it is probable that none of 
them do so, except under very excep- — 
tional conditions. Several times larvee 
which had most probably been previ- 
ously injured were being devoured by 
ants, and once a moth which had emerged 
under a jar in the garden was found dead Fig. 17.—Calosoma scrutator: beetle 
soon afterward, literally covered with Clee auc 
the little yellow ‘‘ thief ant,” Solenopsis texcana Em. That they were 
the cause of its death is, however, exceedingly doubtful. 

Among the beetles there are two groups which probably destroy a 
fair number of bollworms. Certain ground beetles, notably Calosoma 
angulatum Chev., C. scrutator Fab. (fig. 17), C. caledum Fab. (fig. 18), 
and Harpalus caliginosus Fab., all known to have a fondness for cater- 
pillars, are not infrequent in cotton fields and are probably of some 
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service. Several species of tiger beetles are also common. Their 
larvee nest in burrows in the soil about the plants, no doubt destroy- 
ing an occasional Jarva, which for some 
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Giy | dela vulgaris Say. 


reason or another finds itself upon the 
ground. The most abundant of these’ 
are Tetracha carolina Linn. and Cicin- 


Several large predaceous Hemiptera 
known to destroy caterpillars are often 
seen in cotton fields, but none of them 
have actually been seen by us in the act 
of devouring a bollworm. The follow- 


Fic. 18.—Calosoma calidum: beetle and Ing list includes the more important 


larva (from Riley). 


members of this group: 


Metapodius femoratus Fab. (Pl. XVIII, | Apiomerus crassipes Fab. 


fig. 5). Arilus cristatus Linn. 
Sinea diadema Fab. Podisus spinosus Dall. (fig. 19). 
Melanolestes picipes H.-Sch. | Cibalus pugnax Fab. 


In addition to the aforementioned enemies, the ‘‘devil’s horse” 
(Stagmomantis carolina Burm.) may be mentioned as an actively pre- 


daceous insect frequenting the fields. 


Among the vertebrate enemies, the common. 


toad (Bufo lentiginosus and B. valiceps) stands 
out as rather important. Although feeding 
upon almost any living insects which it can 
capture, sometimes at least bollworms form a 
considerable portion of its diet. On September 
14, 1904, Mr. C. R. Jones collected at German- 
town, Ark., a number of toads from a field of 
late cotton badly infested by the bollworm. 
The toads in the field at that time were exceed- 
ingly numerous, and nine were sent in for 
dissection, with the following results: 


Fie. 19.—Podisus spinosus: 
adult, egg, and nymphs 
(from Riley). 


Taste XLIII.—Stomach contents of toads from cotton field at Germantown, Ark.: 


September 14, 1904. 


Toad. | Number of bollworms. Miscellaneous insects. 
Novwik =.| Nowert ss tae Lee ee Small ant; Aletia larva, 3-inch. 
TP ee ea a Ci ee een de ie Aletia larva, l-inch; two ladybirds; a Sciara; a small Chryso- 
| melid beetle. : : 
No.3...| Two: 3?-inch and }-inch..... Chrysopa larva, Scydmeenid, and Chrysomelid. 
NO AE >)" NON S.- 5456 ee eee eee Aletia larva, 3-inch, and a small Carabid. 
INOND Sole am GO 2d Oo eee eee Aletia larva, full grown; a few small Coleoptera. 


No.6...| Four: Full grown, 14-inch, | None. 
| 2-inch, piece of large 


worm. 
Note... |WOnes4-1n eh. es eee eee Do. 
No.8...| Two: ?-inch and 2-inch..... Miscellaneous bits. 
Nos9:2: "Ones imeh 22 Jost eee eer Several small Coleoptera. 


| 
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The toads examined were from 13 to 2 inches in length, and no doubt 
larger specimens would have had even larger capacities for bollworms. 

Another lot of toads, collected at Calvert, Tex., on the night of 
August 13, 1903, gave the following large number of bollworms, besides 
some other caterpillars and a few beetles: 


Taste XLIV.—Stomach contents of toads from cotton field 
at Calvert, Tex., August 13, 1908. 


Toad.  Bollworms in stomach. 


.., 23, mostly large. 
.-| 21, all rather large. 
--| 3, all large. 


A 'A'Z 
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On another occasion a large toad was brought into the laboratory 
and fed on bollworms. It devoured six large bollworms within half 
an hour, two moths within the next ten minutes, and was apparently 
not yet satisfied when the supply was exhausted. : 

A feeding experiment was tried on the common Texas horned toad 
(Phrynosoma cornutum), or horned frog, as it is sometimes called. 
The specimen in question was in a cornfield badly infested by the 
bollworm, and seemingly on the alert in search for food. A large 
bollworm was thrown upon the ground a foot or two away from him, 
and it had scarcely uncurled itself to crawl away before he-perceived 
and quickly devoured it. The same action was repeated in rapid suc- 
cession until seven had been eaten and the animal was gorged with 
food. The worms were just of the size which the toad might encoun- 
ter in nature wandering about in search of a suitable place to pupate. 
From this it would seem quite likely that when the more conventional 
diet of the animal (consisting almost entirely of the large red ‘‘agri- 
cultural ant”) is scarce, it may turn its attention to the bollworm. 

It is very generally believed that birds exert an important influence 
in insect control. During their nesting period particularly, large 
numbers of insects are fed to the young, and in normal food habit 
many species of our commoner birds are largely insectivorous. 

It is commonly stated that various birds frequenting cot on and 
corn fields destroy a greater or less number of bollworms along with 
other insects. The number of species which have been actually 
observed feeding on bollworms, however, or in which the insect has 
been found in stomachs, is very limited. During the present investi- 
gation but one wild bird was observed to actually catch a bollworm. 
This was a red-bellied woodpecker (Centurus carolinus), which Mr. 
Jones observed extracting a bollworm larva from an ear of field corn. 
The red-headed woodpecker (Meélanerpes erythrocephalus) may often 
be seen working at the ends of roasting ears in a way to suggest that 
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bollworms are being sought. Probably in most instances it is simply 
feeding on the soft, milky kernels, and the destruction of bollworms 
is more or less accidental. According to Dr. C. Hart Merriam, of 
this Department, bollworms were found in the stomach of the great- 
tailed grackle (Megaquiscalus major macrourus). Mr. Glover“ records — 
an instance of the common kingbird or bee martin (7yrannus tyrannus) 
catching a bollworm moth, and also mentions that bollworm moths | 
formed part of the daily diet of some young mockingbirds, as evi- 
denced by the dismembered wings on the ground beneath the nest. 
Mr. L. N. Bonham? records ‘** blackbirds” as feeding on bollworms in 
Ohio during a period of drought. While the birds were not actually 
observed with the insects, the evidence presented is strong that the 
larve were being pateiatel from the ears of corn in the field in which 
the birds had settled. . 

Although direct evidence of the usefulness of birds in destroying 
bollworms is meager, yet it is practically certain that many common 
farm birds destroy these among other injurious farm and orchard 
insects. For practical as well as esthetic reasons, therefore, they 
should be protected and encouraged as much as possible. 

Reference may here be made to the considerable service rendered 
by barnyard fowls in destroying insects. Chickens and turkeys have 
at different times been observed feeding on bollworms. In one case 
an individual turkey of a large flock in an alfalfa field was observed 
to. pick up twenty larve in one minute by the watch, and the distended 
crops of the turkeys of the entire flock gave evidence of the destruc- 
tion of a large number of bollworms. 

The following list of birds occurring in and about cotton fields in 
Texas was kindly furnished by Doctor Merriam. Those species likely 
to feed on bollworms, as indicated by Professor Beal, are marked with 
an asterisk. 

* Bobwhite (Colinus virginianus and Colinus v. texanus). 
Mourning dove ( Zenaidura macroura). 

* Mississippi kite (Ictinia mississippiensis). 

* Sparrow hawk ( Falco sparverius). 

* Yellow-billed cuckoo ( Coccyzus americanus). 
Red-headed woodpecker ( Melanerpes erythrocephalus). 
Red-bellied woodpecker (Centurus carolinus). 

Flicker (Colaptes auratus luteus). 
Scissor-tailed flycatcher (Muscivora forficata). 
Kingbird ( Tyrannus tyrannus). 

Crested flycatcher (Myiarchus crinitus). 

* Blue jay ( Cyanocitta cristata). 

* Crow (Corvus brachyrhynchos) . 

* Cowbird (Molothrus ater). 

* Red-winged blackbird (A ie pheniceus) . 


a Monthly Ronee 1866, p- 285, > Insect Life, II, p.,47. 
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* Meadowlark (Sturnella magna). 
Orchard oriole (Icterus spurius). 
Baltimore oriole (Icterus galbula). 

*Crow blackbird ( Quiscalus quiscula exneus). 

* Great-tailed grackle (Megaquiscalus major macrourus) . 
Western lark sparrow (Chondestes grammacus strigatus). 
Chipping sparrow (Spizella socialis). 
Field sparrow (Spizella pusilla ). 

*Towhee (Pipilo erythrophthalmus). . 

* Cardinal (Cardinalis cardinalis). 

Blue grosbeak ( Guiraca cexrulea). 

Indigo bunting ( Cyanospiza cyanea). 

Painted bunting ( Cyanospiza ciris). 

Summer tanager (Piranga rubra). 

Northern yellow-throat ( Geothylpis trichas brachidactyla). 
Yellow-breasted chat (Icteria virens) . 

* Mockingbird (Mimus polyglottos). 

*Catbird ( Galeoscoptes carolinensis) . 

* Brown thrasher ( Toxostoma rufum). 

Carolina wren ( Thryothorus ludovicianus). 

Texas wren ( Thryomanes bewickii cryptus). 

Tufted titmouse ( Bzxolophus bicolor). 

Blue-gray gnatcatcher (Polioptila cexrulea). 
*Robin (Merula migratoria) (in early spring and late fall). 
* Bluebird (Sialia sialis). 


PARASITES. 


_ Under this head we have to consider a very important factor in the 
natural control of the bollworm. There are two stages in the life his- 


tory of the bollworm when the 
destructive work of parasites 
is most effective. These are 
the egg and the young larva, 
two stages which are passed 
before the bollworm has done 
the greater part of its dam- 


age. As the method of at- — 


tack is so different in each 


case it will be well to consider 
them separately. Ai ji 


PARASITES OF THE EGG. 


There are two small spe- 
cies of Hymenoptera which 
are parasitic on bollworm 


Fic. 20.—Trichogramma pretiosa (from Riley). 


egos, but one of them is of very rare occurrence and has but little 
economic significance. The second, 7richogramma pretiosa Riley, is 
extremely abundant and of great value (fig. 20). The eggs of the 
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parasite are deposited inside the bollworm eggs by the female, which 
is provided with a sharp ovipositor capable of piercing the hard chiti- 
nous shell of the egg. The young parasitic grubs eat out the contents 
of the egg, thus preventing hatching. 

The following tables, compiled from a large number of records, show 
very graphically the large percentage of eggs which fail to hatch on 
account of these parasites: 


TaBLE XLV.—Percentages of parasitized eggs on corn, 1903. 


Number 

. é Per cent 

D ee eee of oe S Locality. Eggs on— para- 

; - sitized 

amined. : 

Mayle tcces* 2 se HOSS VACTOTIA;, We Rilo. eerie eee wet es pean ee eee 84 

FUME We ese cee NOOR 2s a2: Oo cae Ss ore PO ere ee Orn leaves 2s 252— see 72 

Doss ee The Ee eee QO aos bys cere te eee Cornsilks: (525.4 eee 83 

June : SEAN 2 & eae eet GOP OE Ua eee eer ee eee Corn leaves: 22.2. -Pieeeseaeee 70 
yee TAD, |b nn OO S25 e530 es ee ee hes ae ees tere ALO) se ee ees a 44.8 

Warust Sere 100) ‘Calvert Tex: 254 ae Soe rele eae ae do .27.. S24 see 26 


TABLE XLVI.—Percentages of eggs parasitized, 1904. 


Number 
. Per cent 
= ee Locality. Plant. para- 
nation. ex+ ae 
anand sitized. 
May 16%-2222-2- THON MR ATISs REX ser Ss gee besos ose eee COMM. 222...s23- eee 59.3 
Ue Behe oe a Ose aa pike ae eel Mie Sta a eee Ay LE G0. 2 ste eee 70 
Jame 10 a pd eee Oar ee as es ee On oa 0 st 2 ee eee 80 
AUSMStI SS ose. 40) ee Goose = UE coe oe oe Ee SE Re Pe an I DA Cao nme Meats (eee 50 
To 1D) ieee or Slee Oe at See ee SRR eS Cornisilks. 42.0 2 eee 58 
ae pe oe 2 Ones Ore’. tee eas gee eoe oe Soe ase | MOOUN LCA VES {aaa a 68.7 
Do Bexs ot alae ea LO eee GO Se ee eae ere Tobacco leaves: --2--esseeee 30 
August Adee AON GS ss GO ee See eee ne ae es Corn leaves! 22-2. 2 e-e eee ie 100 
August 16 ...--- AS eae eS foie eee eel SIS A Cotton: = 4224-5262 Saas eee 22.5 
August D0 cee ADS. aU. CODERS e Seat Sie Se aes ence Corn Tea Ves) =. 4225. ee 92.5 
Seamer ee restos 400). 5 20OrsS 3 soe! Se Se ee ee ee | GOLD SIIKG 22 a ee 62.5 
tenet BOY ae See CD i ee 6 Va ag eu ee I cd Dy Cormilesyves, 2. 2s eee 75 
September 3..-- By ah eee (0 VG epee on ea Ne, Sl ee Peon Cotton 2) a eee 35.5 
September 7 -..- 7A all ier CEA mars Ae Dh CANE 7A Sa tC pede a net Tomato legyes. -.."52s. eae 86. 5 
September 24... AOC s Fe (6 Ca eee all Ne tas ea em eer tA Corn leaves: 2°: 22202 ae 82.5 
Cetowernl9 222. Dialect ss GO oer eet Ae eee ee A ee a ae GO 25.556 Sed. Ae ee 43 
: Per cent 
Observed average parasitized during 1903... 0.222 seo see bese oe eee oe er 63.3 
Observed average parasitized durimg 1904020". 2. 25522) 2 Be eee ee Pa ipa pe Be 63.4 
General average, all observations..........- re woes dee ee Seek 2 ee 63.35 


Glancing down the table, it will be noted that the maximum parasi- 
tization is on corn leaves, with corn silks next in susceptibility, and 
parts of the cotton plant considerably in the rear. This may pos- 
sibly be due to the hindrance offered to the locomotion of the Tricho- 
gramma during the process of oviposition by plant hairs, since the 
leaves of corn are more nearly free from these than the other objects 
mentioned. 

The first appearance of Trichogramma in the spring corresponds 
approximately with the first general occurrence of bollworm eggs on 
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corn, which in 1904 was about the middle of May in northern Texas. 
After this time there is always a continual supply of eggs, owing to 
the laying by belated moths of the spring generation; and through- 
out the season the smaller number of eggs between the more marked 
generations serve to furnish a continuous supply of food for the 
parasites. 

Experiments were conducted in the laboratory by Mr. Girault to 
ascertain the length of the life cycle of Trichogramma and the number 
of broods during the season. The first generation, started on May 
26, required eleven days, but the time for the succeeding generations © 
gradually decreased to eight days during July and August, and length- 
ened to eleven again by the beginning of October. During the whole 
summer some fifteen consecutive generations were under observation. 
Some of the adults of the fifteenth generation apparently do not emerge 
from the pupa state, although a large proportion of them do. These 
_ may, under favorable conditions, produce other scattering broods, but 
it is probable that most of them must die before finding eggs which 
they can parasitize. Those remaining in the pupa stage no doubt 
hibernate in this condition, not emerging until the beginning of the 
following summer. 

When a bollworm egg is discovered ‘by the nervous little Tricho- 
gramma, as she darts about in search for one, she will quickly examine 
it by crawling over the surface and tapping it with her sensitive anten- 
ne. If it seems suitable to her, she quickly sets about inserting her 
thin, flexible ovipositor at the desired spot. After about half a min- 
ute this has pierced the thick shell and is well within the egg, allowing 
the parasite to deposit her egg near the center of the bollworm egg. 
The ovipositor is then withdrawn and the parasite is ready to repeat 
the process. The laying of each egg requires about two minutes. 
On several occasions we have seen Trichogramma ovipositing in the 
field. The procedure seems to be essentially the same as that observed 
in the laboratory, but necessarily rather hard to observe without the 
aid of a rather powerful lens. Apparently the insect has no means of 
ascertaining whether a bollworm egg has already been parasitized, 
since eggs known to contain Trichogramma eg¢s are often selected by 
a second female for oviposition. This second parasitization, however, 
seems to occur only before the egg begins to turn black, which would 
suggest that the Trichogramma detects an egg already parasitized by 
its dark color. 

It the laboratory it was found that the Trichogramma could be 
raised on infertile bollworm eggs, although the latter normally shrivel 
up shortly after they are laid. As infertile eggs are laid very rarely 
in nature, this discovery is of more scientific than practical value. 
Mr. Girault’s observations tend to show also that Trichogramma may, 
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under certain conditions, reproduce parthenogenetically. Observa 
tions on breeding such minute insects are difficult to make, however, 
and must always be attended with some uncertainty. The sex of the 
parthenogenetically produced individuals was not determined. From 
a parasitized egg there emerge, on an average, about two parasites, 
although often as many as four, and sometimes only one, have been 
bred. The adults live at most only about four days, and their average 
life is but one and one-half days. During this stage 
it is probable that they feed but little, although they 
have been observed to feed on fruit juices in the lab- 
oratory and might easily find food in nature at the 
nectaries on the cotton squares or leaves. 
sh SEN For some two days after the eggs are stung by the 
gramma pretiosa parasite they show no external sign of parasitism, but 
aie generally on the third day they ape become dusky 
and cealecne which color changes to an opaque bluish black soon 
after. This color persists very distinctly, even after the parasites 
have emerged, and always serves to distinguish a parasitized ege. 
Their exit is accomplished by cutting a rounded, often jagged, hole in 
the shell of the host egg (see fig. 21). Although several parasites 
may come from a single egg, generally but one exit hole is present, it 
being in most cases on one side. Copulation usually takes place 
within a few hours after emergence and oviposition follows almost 
immediately. | 


DESCRIPTION OF TRICHOGRAMMA PRETIOSA RILEY. 


Trichogramma is an extremely minute Chalcis-fly, scarcely visible 
to the unaided eye, and resembling closely the numerous other species 
belonging to this group. It can be recognized readily, however, by 
the characteristic arrangement of the hairs on the front wings, 1. e., 
in regular rows, and by the presence of only three tarsal joints. 

Length 0.3 to 0.43 mm., the males being usually the smaller. Color pale yellow, 
as a rule, although some specimens are almost black. Eyes dark red and wings 
hyaline. Head wider than the thorax; antenne eight-jointed, pedicel about two 
thirds the length of the scape, one small ring joint, the two joints of the funicle equal, 
together shorter than the pedicel, club conic ovate, a little longer than the scape; 
funicle and club beset with many long hairs in the male and with short ones in the 
female. Hairs of the front wings arranged in about fifteen lines. Abdomen not so 
wide as the thorax, but as long as the head and thorax together. 


Eggs attacked by this little parasite have been obtained at various 
localities in South Carolina, Georgia, Florida, Alabama, Texas, and 
Arkansas, so that there can be.no doubt of its very general distribu- 
tion throughout the cotton-growing States. It is also a very useful 
parasite of the eggs of the cotton caterpillar. 


PLY 


Of the hundreds of specimens bred out during the past summer 
from eggs kept in the laboratory by Mr. Girault the proportion of the 
sexes seems to be about equal. Both sexes frequently emerge from 
the same bollworm egg. 

The eggs of the bollworm are attacked by a second parasite belong- 
ing to a second group, the Proctotrypoidea, Zelenomus heliothidis 
Ashm. (see fig. 22). This species was first discovered by Mally and 
described from a single specimen bred 
by him from an egg of the bollworm. 
Two females and a single male speci- » 
men issued on May 30, 1904, from 
bollworm eggs kept in the laboratory 
at Paris, Tex. These eggs had been 
collected on cornsilks in a field and 
were laid by moths of the first gener- 
ation. No more specimens of this 
parasite were obtained during the 
year, although hundreds of eggs were under observation. It seems 
probable, therefore, that it is very rare, or possibly that it attacks 
the eggs of some other insect also. 


Fig. 22.— Telenomus heliothidis—much 
enlarged (original). 


DESCRIPTION OF TELENOMUS HELIOTHIDIS ASHMEAD. 


Female.—Length 0.6mm. Black, smooth, impunctured; head large, much wider 
than the thorax; eyes pubescent. Antenne dark brown, the flagellum twice as long 
as the scape, the pedicel stout and as long as the first and second funicular joints 
together, the third and fourth about equal, not longer than thick, the fifth larger, monil- 
iform, club four-jointed, the second and third joints quadrate, the last conic. Thorax 
ovoid, faintly pubescent, almost bare, mesonotum without furrows, metathorax short, 
rounded, unarmed. Wings hyaline, with a long fringe; submarginal vein joining 
the marginal at about one-fourth the length of the wing. Abdomen not longer than 
the thorax, broadly truncate behind, the first segment exceedingly short, striate, 
second segment not, or very little, longer than wide. Legs dark brown, the coxe black, 
‘and the tarsi whitish. 

Male.—Differs from the female as follows: Length 0.65 mm., mandibles brownish 
yellow, antenne longer, filiform, about as long as the body; flagellum three times as 
long as the scape, pedicel and first flagellar joint about equal and rounded monili- 
form, following joints a little smaller, last one-half longer and obtusely conic. Bases 
of the tibize yellowish. 


PARASITES OF THE LARVA. 


Owing to the cannibalistic habits of the bollworm, the breeding of 
parasites is a rather tedious process, since each larva must be confined 
ina separate breeding jar. This is most easily accomplished by con 
fining the desired number of larve under a series of inverted tumblers, 
each provided with a small boll or bit of other suitable food. In prac. 
tice we have found that pieces of green cowpea pods are most avail- 
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able, as they are easily handled and the larve thrive on them. With 
such an arrangement the food can readily be changed and the bollworm 
examined whenever desired. By using this method large numbers of 
parasites were bred out at the laboratory. 

The habits of the bollworms in feeding on corn are such that they 
are well protected from parasites after the first few days of their life, 
during which time they have been boring down through the silk into 
the ear. When once well inside the ear it is practically impossible for 
parasites to reach the larva, unless it should leave the ear, which is 
very rarely the case. These conditions explain the small percentage 
of parasites shown in the following table: 


TaBLE XLVII.—Percentages of larvx parasitized on corn, 1904. 


Number | Per cent 


Date col- = ‘ : Number 
: Locality. Size of larve. -para- para- 

lected. collected. sitized. | sitized. 
May 15) | Hempstead, Tex: -2. i252. .222 Miscellaneous ..........2:-.-- 18 0 0 
May 30? (mDallastiex!- i sheen see Bull-oroOwilss cae cee cee 45 0 0 
June Ch nladonianPexcc este. See Miscellaneous ........./..-..- 19 0 0 
IUINIEG 4: || MEATS Ney es ee oe ee eae Ns ye eee eee ne i hae ep aT aie 75 0 0 
Jime (26. | \Corsigana, Tex... 2-3.cn~see oe Miscellaneous: 2222.42 635 35 0 0 
JULY Mas Paris, Tex 22. soe. ee ree ee GOV ees. see eee 25 0 0 
AUS Bale ee CO Soe Ree ne eee ATP es = eee eee Nee ae ees 105 0 0 
Sepi-10 9 Batesbure Ss Osos eee aes colons GOEL CS Se soe ere ae hae eee 34 0 0 
Sept. 10-6 Pine Bluth cArks 24. 22. oe Miscellaneous ...........-..-- Tape 1 4.5 
Sept. 12 | Montgomery, Ala..........-... barcess ete ee onge se 34 1 3.0 
Sept: 30.:) Panis Rex: 2250 9. 2h ee es. ee Miscellaneous .........-.----- 30 if 3.0 

AVGTAREN 2% <a Shelton Pa oe ne ee ee eee PP Sees he 1 


Feeding on cotton, larve are much more exposed to the attack of 
parasites, as they must move about in search of fresh squares or bolls; 
and even when partially hidden within a square or boll a larva is not 
completely immune. The following table shows very clearly the 
greater proportion of parasites on cotton as compared with corn: 


TaBLE XLVIII.—Percentages of larvxe parasitized on cotton, 1904. 


; Number | Per cent 

Date col- . : Number : = 

i Locality. Size of larve. parasi- | parasi- 

lected. y collected,| tery il acana: 
Aas 20) Panis; Mex 0 oie eyes eae Large eR eee Me ae a aR: = Baty Std 2 184 31 16.75 
Aug. 25 |:..2: OF Sa ers hy eh wee WOU go hs sae ee eo oe 40 27 67.50 
ANI eS Ie: GOS A eee Sn Rene eee Miscellaneous ........-...---- 104 53 51.00 
Sept. 16.1 -hupelo Mass 22255 .25y-e a sone. Srivall 6 oe. eee 13 2, 69. 00 
AVECTAGEC 2.0.5 sce ud isco eo baon S) eaete Sees seer ee eee! Bese ser a ers 51. 00 


From these data it is evident that practically one-half of the larve 
of the August brood are destroyed by parasites. This is especially 
important when we recall that it is this brood which causes the greatest 
damage to cotton. The insect responsible for this wholesale elimina- 
tion is a small hymenopteron belonging to the family Braconide. It 
is more fully treated in the following pages. 
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It will be noticed by referring to the table that the greater percent- 
age of parasites come from the smaller larve; or, in other words, that 
the larve are destroyed before they are half grown and consequently 
before they have done the greater part of their injury to the plants. 


HYMENOPTEROUS PARASITES. 


Practically all the parasites bred from the young larve belong to 
the same species, I/tcroplitis nigripennis Ashm., of the family Bra- 
conide. This species was first bred in the laboratory from a larva 
collected on tobacco at Paris July 5, 1904, but it was not observed in 
any numbers until the middle of August, when a large percentage of 
the bollworms feeding on alfalfa were found to be parasitized by it. 
Its frequent occurrence on cotton after that time has been referred to. 

The eggs of the parasite are deposited in larvee which are about 

10 or 12 mm. in length, or much more rarely in larger specimens. 
After it has been stung by the Braconid, the larva continues to feed, 
but at a much diminished 
rate, for two or three days. 
It now becomes very slug- 
gish and eats the involucre 
of the square or boll in a 
rather desultory manner, 
chewing it into small bits, 
many of which it fails to 
swallow. These small pieces 
usually remain webbed to- 
gether loosely by delicate 
strands of silk spun by the Fig. 23.—Microplitis nigripennis: adult, larva, and 
bollworm, and present quite cocoon (original). 
a characteristic appearance. By the time the parasitic grub is full- 
grown, the larva has ceased feeding entirely and is scarcely larger 
than when first attacked. The Microplitis now bores its way out 
through the skin of the quiescent bollworm, leaving a large black scar 
(see Pl. XIX, fig. 1) to mark the point of its emergence, which is gen- 
erally on one side of the body, near the first pair of prolegs. In one 
case the grub was watched during the act of emerging from the boll- 
worm. It had protruded the pointed head and was gradually working 
its fleshy body through the small hole in the larva’sskin. In doing this 
the body had to be corstricted dumb-bell shape in order to pass through 
the small orifice. Once free from the larva, it spins its pupal cocoon 
(see Pl. XIX, fig. 1, and text fig. 23) on somé surrounding object, gen- 
erally a stem ora leaf, spending several hoursin this work. The cocoon 
is about 5 or 6 mm. in length, oval in shape, pale dingy yellow in color, 
and furnished with a few coarse longitudinal ribs. When first spun it 
is almost white and rather delicate. After a few hours, however, it 
acquires its mature color and its consistency becomes very tough. 
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After the parasite has left it the bollworm usually lives for several 
days, but does not feed at all during that time. Before death it grad- 
ually shrinks and dries up. Larvee which are parasitized almost always 
acquire a pale yellowish color and shriveled appearance, which is quite 
characteristic, even before any other external sign of the — is - 
evident. 

Some of the specimens bred out in the laboratory were vonfitied 
over night with several bollworms in a breeding jar, and from one of 
these an adult parasite was reared. The life cycle is about three weeks, 
some nine days of which are spent in the pupal stage. 

At no time have we obtained more than a single specimen of Micro- 
plitis from one bollworm. . 


DESCRIPTION OF MICROPLITIS NIGRIPENNIS ASHMEAD. 


Length,4to5mm. Black, except the abdomen and legs, which are usually red- 
dish yellow. Wings very strongly infuscated. Antennz 17-jointed. Head and 
thorax shining black, metathorax 
coarsely reticulated, with a me- 
dian carina. Abdominal petiole 
black at base and remainder of 
_abdomen sometimes much dark- 
ened. Legs reddish, the coxe 
more or less black at base. Wings 
very dark, veins blackish, second 
cubital cell about as high as long, 
subtriangular. 


We have bred over fifty 
specimens of this species, 
mostly from larvee collected in northern Texas, although the following 
localities are also represented: Montgomery, Ala.; Tupelo, Miss., and 
Pine Bluff, Ark. It was bred from larve collected on the following 
_ plants: Cotton, corn, alfalfa, and tobacco. 

The Microplitis is peed by two species of secondary parasites, 
but fortunately neither of them has been bred in large numbers. 

The first, Pertlampus hyalinus Say, a brilliant metallic blue chalcidid 
fly (see fig. 24), was bred out on two occasions. The first specimen 
came from Pine Bluff, Ark., September 13, 1904, and the second from 
Ladonia, Tex., October 14,1904. The Perilampus issues by gnawing 
an irregular hole through the end of the Microplitis cocoon. 

The second, Jlesochorus americanus Cress, is a well-known secondary 
parasite, infesting various species of Braconide. It was bred on only 
one occasion, during August, 1904. 

The little chalcidid fly Huplectrus comstockt Howard, which usually 
preys upon the cotton caterpillar, also attacks the bollworm, according 
to Prof. H. A. Morgan, who has bs ed the species,” but we have never 
met with it in Texas. 


Fic. 24.—Perilampus hyalinus: adult and cocoon (original). 


@ Bul. La. Exp. Sta. No. 48, p. 159. 
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DIPTEROUS PARASITES—TACHINIDZ. 


There are a number of species belonging to this family of flies 
which are parasitic on the bollworm. The female fiy deposits her 
egos on the surface of the body of the larva, generally toward the 
anterior end. Sometimes but a single egg is laid, although a parasi- 
tized larva frequently bears several eggs attached to it. The eggs are 
of a pearly white color when first laid, but often turn darker when the 
embryo begins to develop in them. They are somewhat less than a 
millimeter in length, elongate in shape, with rounded ends and paral- 
lel sides. As soon as the egg hatches, the parasitic grub bores into the 
bollworm through the skin and begins feeding upon its fatty tissue, 
undergoing a very rapid growth. Even when a number of eggs are 
attached to a single larva, it is rare for more than one parasitic grub 
to mature in the bollworm. 

_ The species of the family resemble each other so closely that it is 
almost impossible for anyone not familiar with them to recognize the 
different forms. The table below gives a summary of the species bred. 


TaBLE XLIX.—Species of Tachinidex bred from bollworms during 1903 and 1904. 


7 ee Food plant of 
Name. | Locality. Date. DOlloOna: 
| | 

Winthemia t-pustulata Fab.........-.-.--.------ Ranismex x5. Soak | Aug. 22,1904 | Alfalfa. 
PHAR OMESUO CONCUONIE UGE: OOO o- -0 a Seiciz cies 2 2S eaacie se oe Calvert,;Vex: ..2222- 2% Sept. 4,1903 | Cotton. 
Euphorocera claripennis Macq .......----------- Pass DOR ace. Aug. 18,1904 | Alfalfa. 
GORZANGO DULG DOG. 225. ese eed one bade Se8 Wadonmias Tex: - 29... - Nov. 2,1904 Do. 

LED. vo SS eee eee OU See ere aS em ae PETS exes ste tok Nov. 7,1904 Do. 
PAG CRUTIS WOLLLUCTELT US Vie Ge We = ins Dann Dae ee bee Vietorign Mex, 557. | May 26,1903 | Corn. 

urement LNs ate a i Wa Chg eee fol ee | May 29,1903 Do. 


Of these it is probable that the first is most valuable in northern 
Texas, and the last mentioned (see fig. 25) in the southern part of the 
State. 

In addition to this list the following 
species are known to be parasitic on the 
bollworm, although they were not bred 
by us during the past two seasons: 
Frontina armigera Coq., LF. frenchii 
Will., and /” aletie Riley. The first 
was bred by Coquillett? from bollworms 
collected at Los Angeles, Cal.; the second 
by Riley’, and the last by Trelease?. 

Early in November a lot of eighty- 
Si en larve, mostly full-grown, Te ate: 25.—Archytas piliventris: adult fly 
collected by Mr. Girault in an alfalfa (original). 
field at Paris, and forty of them, or nearly 50 per cent, bore tachinid 
fly eggs on their bodies. .One had as many as eleven, but most of 


@ Insect Life, I, p. 331. ¢Fourth Rept. U.S. Ent. Com., p. 377. 
6 Fourth Missouri Rept. p. 129, footnote. 
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them only two or three. It proved impossible to rear the parasites 
from most of these larvee, for the latter were nearly all affected with 
a bacterial disease and died before bee parasites could attain full 
erowth. 

The records are very meager, but serve to show that — are 
of but little assistance in controlling the bollworm. 

During the past season the life history of one parasite, Wintholiaa 
4-pustulata Fab. (see fig. 26), was worked out. A female kept in the 
laboratory deposited eggs on three different bollworms, laying five or 


one, seventeen on another, and one ona third. The eggs are 0.8 mm. 


in eer elongate-oval in shape, and pearly white at first, but afte 
twenty-four hours they tur 
to an orange-yellow color. 
The duration of the life cycle 
is as follows: Egg, two days; 


to ten days. 


Summarizing the conclu- 
sions to be reached from a 
study of the insect parasites 


that the destructiveness of the 
third and fourth generations 
is materially lessened by them. 
| During September, 1904,when 
Fi. 26.—Winthemia 4-pustulata: adult and parasitized the fourth generation should 

Ce Bee oa have been damaging much of 
the late cotton in northern Texas, it was almost impossible to find any 
bollworms on cotton, and the few to be obtained in the neighboring 
alfalfa fields were fect y attacked by parasites. At the same time 


7 aoe, eae 


larva, three days; pupa, nine — 


of the bollworm, it is evident — 


adult specimens of Microplitis could almost always be collected in these | 


locations by the use of the sweep net. Meanwhile, the late corn nearby, 
where the parasites could not get at the larvee, was badly damaged. 
Such evidence plainly suggests that the dearth of larve on cotton 
at this time must have been, in a measure at least, due to the good 
work of parasites. 
DISEASES. 


BACTERIAL DISEASE. 


There is only one disease that plays an important part in the econ- 
omy of the be!!}worm. It is one evidently caused by bacteria, although 
its exact nature has not been clearly worked out. Its effects are most 
clearly apparent among larve feeding on corn, more especially those 
of rather large size. 


Bul. 50, Bureau of Entomology, U. S. Dept. of Agriculture. PLATE XIX. 
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PLANT AND INSECT PARASITES OF THE BOLLWORM. 


Fig. 1, Microplitis nigripennis, adults below; above, cocoons and parasitized bollworm, showing 
black scar made by the emerging grub; fig. 2, Archytas piliventris, a Tachinid fly parasitic on 


the bollworm; fig. 3, bollworm killed by bacterial disease; fig. 4, bollworm killed by fungus— 
all figures twice natural size (original). 
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Two VIEWS OF DEPARTMENT’S BOLLWORM EXPERIMENT FARM AT WILLSPOINT, TEX. 


Fig. 2 illustrates how plots are separated by rows of sorghum; plot on right fertilized, on left unfertilized (original) 
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The appearance of a larva after the disease is well advanced is char- 
acteristic. The body loses its firm consistency and becomes quite 
flabby, while its color fades to a rather uniform greenish yellow. (See 
Pl. XIX, fig. 3.) The larva loses the power of coordinated move- 
ment, only wriggling or twitching spasmodically when disturbed, and 
soon begins to turn darker. Within a few hours after its death it 
- assumes a purplish black color, and the whole internal contents liquefy 
more or less completely. When the skin is broken this liquid mass is 
seen to have a distinct reddish tinge. 

Larve living in a humid atmosphere seem to be more susceptible to 
the disease. The following table, containing some of the more com- 
plete records made during the course of the work, will give a general 
idea as to the percentage of larvee destroyed by this disease: 


TaBLE L.—Percentage of larvx destroyed by bacterial disease. 


| 

‘Date of col- Snes Number | Per cent 

lection. Epexky, os ‘collected. diseased. 
(ae LE ACU ORD NO) “ee oe Gorn .25-4235- Beer 2-3 
Wet Sema NORLVELU LGR - o.scciens 5 pec cake ode ose essen se ecece|ececs GdOe hese 300 | 2 
Aug. 4,1903 |.-... ATTA eg Sry ae, GAS ES, Pi ie ect ae RO, PE Ga rir eh 2d Bese : 6 
Aue ote 1903, |. ~: =< Ore as ore ee a ees Sa ok acl tat esi ee eases Alfalfa’. 2) 2. 81 | 10 
Mummmrmmreres Dallas, (POX 2 ooo 0 os o.oo en ete eee eee ne COT ae. Ca 56 10 
PPE eee aE UNIS: ON OX sce Soak si 4ac oho eae woes saasles st i ceneesee Cottons: =. 184 | 49 
Aug. 25,1904 |....- 7 NEES SE TS SANT ORS Mie Liters aes hep hie ROE a ad docs 40 | 5 
Aug. 30,1904 |.-..-- GID SS Sass lees BAP aN ee a eee ok MOORWE cote =e re} 17 
Sept. 24, 1904 |..-..-. Gere Rene he Scie ae ta ae i et te oe dO 's~ 45.45 ae 111 | 63 
Get. 771904) |. 5... - GIN BSE ER nae er aie ee Ae a dee et Se Alialiay <2 28 17 | 12" 
OGt 24-1904. |... . Lees ere ee ae A ee fee Ae Se ee owe Sele ile GOr so = ee 37 29 


Averages: Corn, 18 per cent; cotton, 27 per cent; alfalfa, 17 per cent. 


The great discrepancies in the different lots are in large part due to 
the fact that some counts were made by examining larve freshly col- 
lected, and others from larve kept in the laboratory for a considerable 
time, a few dying each day. The large percentages indicated in some 
of the columns, however, show plainly that under certain conditions a 
‘great proportion may succumb to this malady. One unfortunate cir- 
cumstance is the fact that it is nearly always the larger larve which 
are attacked. 

In the laboratory several cultures were made from a dried larva that 
had died from bacterial disease. After five days all the cultures had 
acquired a pinkish tinge, and each, when examined under the micro- 
scope, yielded a ciliated organism of a bright crimson color, readily 
visible with a one-twelfth-inch oil-immersion lens, without staining. 
Four healthy worms were infected from the cultures by pressing the 
head and mouth parts against the red gelatine. Of the larve thus 
infected, two died within two days with the symptoms of the bacterial 
disease; one escaped, and the fourth, full-grown when infected, 
pupated successfully. From one of the first cultures, two more were 
then started and after six days were characteristically red. These 
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experiments were conducted in a crude way, without the use of special 
bacteriological apparatus, and are, of course, open to question. They 
tend to show, however, the Uacteetl nature - the disease, the presses 
of a specific organism, and the possibility of contagion. 

Another observation serves to show the contagious nature of the 
disease. It was noticed on August 15, 1904, that four larvee had died 
in succession in as many nights in the same breeding jar, the dying 
bollworms having been daily replaced by new ones. At this time a 
thorough washing with hot water and soapsuds prevented future mor- 
tality in the jar. We have noted many oe similar instances during 
the breeding work. 

Quite often the larva has already enter a the soil before it is appar- 
ently attacked, and, again, not infrequently a larva may die while in 
the act of constrnoting its burrow. 

It is very noticeable that larve which have been injured or- bitten 
by their fellows are much more susceptible than healthy specimens; 
in fact, a larva which has been but very slightly hurt ae ever 
escapes infection. 

At present there seems to be no hope of making any practical use 
of the disease in controlling the bollworm, as has been done with some 
other species of injurious insects. It is an important factor, however, 
and helps to keep the pest in check: 


SCAVENGERS FOLLOWING THE BOLLWORM. 


In addition to the true parasites of the bollworm there are a num- — 
ber of insects acting as scavengers, some of which are often mistaken 
for parasites. 

On numerous occasions we have observed ine flies, alone to 
the family Phoride, hovering about the breeding jars witien contained 
specimens of larvee, pup, and adults; in fact, it is almost impossible 
to keep large numbers of bollworms or pup together without attract- 
ing these little scavengers. In one case the Phoride were allowed to 
oviposit upon a dead and decaying moth, and after a period of seven- 
teen days the adults of a second generation appeared. They proved to 
be Aphiocheta fungicola Coq. In other lots of larve from various 
localities many specimens of Phora incisuralis Loew were obtained 
at different times during the summer, and doubtless other species 
might have been found if special ah had been made for them. ° 
Aphiochzta nigriceps Loew (Phora aletiz Comst.) has been observed“ 
to feed upon the dead pupz and adults in the same way, and was at 
first thought by Comstock? to be a true parasite. This has been 
abundantly disproved, ,however, and none of the species have any 
especial economic significance, since they never attack living boll- 
worms in any stage. 


“Riley, Fourth Rept. U. 8. Ent. Com., p. 117. b Rept. Cotton Ins., p. 208. 
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The presence about the breeding jars of flies belonging to species of 
Sarcophagide was frequently noticed throughout the summer, but only 
once were any adults bred from jars containing bollworms. In this 
case some living pup had been buried in finely sifted earth in a glass 
jar covered with cheese cloth to determine the ability of the emerging 
moths to pass through a stratum of loose soil. One morning after 
several moths had appeared, three small specimens of Helicobia helicis 
Town. appeared also. On exhuming the remaining pupe the fly 
puparia were unearthed close to an empty bollworm pupa case. 
Whether the eggs of the fly were in the soil, whether they were laid 
through the cloth, or whether the eggs or young larve were already 
- on one of the ie pupe, would be impossible to say. Hubbard4 
records an almost exactly similar instance. Whether this is a case of 
true parasitism remains very doubtful. 

Larve of another fly, Huxesta annonx Fab., were obtained by Mr. 
Jones at Wharton, Tex., on July 20, 1904, feeding on the juices of a 
dead bollworm, and from them adults were bred out in the laboratory. 
The flies are often to be seen about corn plants during the earlier part 
of the season, and no doubt their larve also feed on decaying vegeta- 
ble matter, like the other species of the genus. 

The other small muscid flies, Drosophila punctulata Loew and DP. 
ampelophila Loew, were bred from cotton bolls decaying as the result 
of bollworm injury. 

Monocrepidius vespertinus Fab. and another lar ger click beetle also 
act as scavengers after the bollworm. 

A small nitidulid beetle (Conotelus obscurus Er.) is very common in 
ears of corn which have been previously injured by the bollworm. 
In a badly damaged ear often as many as thirty or forty of these 
little black beetles may be present when the corn is nearly ripened. 
They do not attack the corn unless it has been already injured by 
the bollworm. Several other species of Nitidulide also frequent the 
damaged ears and bolls. 


METHODS OF BOLLWORM CONTROL. 
| CULTURAL METHODS. | 


By reason of its feeding habits, the control of the cotton bollworm, 
as compared with many insects, presents unusual difficulties. On cot- 
ton, corn, and tomatoes, particularly, it feeds on the interior plant 
tissues, and is therefore not amenable to such insecticidal treatment as 

is effective for many related species. Further, it is much less subject 
to the attack of parasitic and predaceous enemies than insects feeding 


@Fourth Rept., p. 110. 
22051—No. 50—05——9 
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in more exposed situations, and the bollworm is thus able to develop 
with comparative freedom from these important natural checks. 

In the case of many insects affecting staple crops their best control 
is often to be found in the adoption of some change in farm practice 
that will take advantage of some peculiarity 1 in the life and habits of | 
the pest. Such changes are usually quite in line with better farming, 
and involve no extra outlay of labor and money not warranted for 
other reasons than those of insect control. The bollworm falls easily 
into this class of insects, and the means which are of most impertance 
in avoiding injury consist in certain changes in agricultural practice 
which are in themselves desirable, aside from their influence on the 
pest. 

Attention has elsewhere been called to the relation of the farm- 
ing methods in vogue to bollworm injury to cotton. Experiments dur- 
ing the past two years indicate that by improved cultural methods 
much may be done to insure a crop of cotton, even during years of 
severe bollworm injury. Detailed results of field experiments have 
been given in Farmers’ Bulletins Nos. 191 and 212, to which the reader 
is referred. The value of the so-called cultural method lies in the 
fact that cotton is not attacked in force until the field corn of the sur- 
rounding country, the favorite food of the bollworm, has begun to 
yellow and ripen and is no longer attractive to the ee for egg- 
laying purposes. The moths, therefore, concentrate in the cotton 
fields, obtaining their food a the neciuen on the squares and 
flowers of the cotton plant, and on these latter they deposit the bulk of 
their eggs. This time of migration to cotton will vary somewhat, 
depending on the relative earliness of surrounding corn, but will aver- 
age, one year with another, about the 1st of August, for the a 
and northern parts of the cotton belt. 

Another fact to be mentioned in this connection is the comparative 
immunity of the larger and maturer cotton bolls to attack by boll- 
.worms, as compared with the smaller bolls and squares. This is indi- 
cated on page 72. These two circumstances in the natural history. of 
the insect permit, by the use of improved cultural methods, of the 
production of a fair crop of cotton ahead of danger from bollworm 
injury in August. | 

The importance of the early production of a maximum number of 
advanced bolls is therefore evident, and the cultural method involves 
the employment of all such means as’will contribute to that end, — 
such as— 3 

(1) Thorough plowing of land in the fall to destroy as many hiber- : 
nating pupe as possible. 

(2) The use of seed of early-fruiting varieties. 

(3) The use of fertilizers to hasten and increase fruit production. 

(4) Early planting in the spring.” 

(5) Early and thorough cultivation. 


PLATE XXlI. 


Bul. 50, Bureau of Entomology, U. S. Dept. of Agriculture. 


RELATIVE EARLINESS OF KING AND MYERS VARIETIES OF COTTON. 


Plants from field treated in all respects alike (original). 


PLATE XXII. 


Bul. 50, Bureau of Entomology, U.S. Dept of Agriculture. 
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PROPER AND IMPROPER USE OF CORN AS A TRAP CROP. 


op: corn will be in silk about August 1; fig. 2, improper use of corn as a trap 
usual time in the spring and was yellow and hard by August 1 (original). 


crop; corn was planted at 


Bu! 50, Bureau of Entomology, U. S. Dept. of Agriculture. PLATE XXIII. 


FiG. 1.—POISONING COTTON BY POLE AND BAQ@ METHOD (ORIGINAL). 


FIG. 2.—POISONING COTTON BY USE OF SPRAY PUMP (ORIGINAL). 
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Bul. 50, Bureau of Entomology, U. S. Dept. of Agriculture. PLATE XXIV. 


Fia. 1.—POISON ‘“‘ BLOWER”? FORMERLY MUCH USED IN DESTROYING COTTON 
CATERPILLARS, USEFUL AGAINST BOLLWORMS (ORIGINAL). 


Fi@. 2.—MACHINE USED IN COLLECTING BOLLWORMS FROM COTTON PLANTS (ORIGINAL). 
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Bul. 50, Bureau of Entomology, U. S. Dept. of Agriculture. PLATE XXV. 


Fig. 2.—PANS OF BAIT USED IN EXPERIMENTS TO ATTRACT MOTHS TO POISONED 
SWEETS (ORIGINAL). 
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The EES method begins with thorough preparation of land in 
the fall, winter, or ear ly spring for the succeeding crop, by which 
means fesoncine pupz in the soil are in many cases destroyed. As 
a female moth appearing in the.spring froma hibernated pupa may be 
the progenitor of many thousands of bollworms by early August, the 
importance of their destruction by thorough fall and winter plowing is 

evident. 

Experiments made with fer Aer during 1904 on several types of 
soil, including the so-called sandy soils of east Texas, the post oak, 
gray prairie, river bottom, and black waxy soils of ae and wae 
Texas indicate that these are very useful in the production of an early 
and large crop of cotton (see Pl. XX for views on one of the Depart- 
ment’s experimental farms in 1904). The accompanying diagram (fig. 
27), compares the yield, with respect to earliness and quantity of 
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Fic. 27—Diagram showing comparative earliness and quantity of cotton crop from fertilized and 
unfertilized plats (from Quaintance and Bishopp). 


seed cotton, from two plats of the experiment farm at Pittsburg, Tex. 
Plat 1 was treated with a fertilizer analyzing phosphoric acid 10 per 
cent, potash 2 per cent, at the rate of 300 pounds peracre. Plat 4 
was unfertilized, the treatment in all other respects being the same. 

Specific recommendations as to the quantity per acre and kind of 
fertilizers to be used miay not be given as the result of one year’s 
experimentation. Simply the fact of their utility is pointed out. » 
Planters should arrange for a series of tests calculated to answer these 
respective questions for their own soils. 

Of equal importance is the use of seed of varieties with an inherent 
tendency to begin fruiting early in the growth of the plant, thus 
imsuring an early crop (see Pl. X XI, illustrating comparative matur- 
ity of King and Myers cotton treated the same throughout the 
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season). This habit of early fruiting is more characteristic of the 
shorter-jointed sorts than of the longer-jointed varieties. 

These desirable qualities, viz, early fruiting, prolificacy, good 
staple, etc., may be perpetuated and improved by seed selection, and 
special attention should be given to this work. The importance of 
the use of selected early-fruiting varieties, as compared with native 
‘‘run-down” gin seed, has been illustrated many times in the course 
of these investigations. In 1903, on the plantation of Capt. B. D. 
Wilson, at Hetty, Tex., under conditions of severe bollworm injury, 
early-planted early-fruiting cotton produced an average of 1,348 . 
pounds of seed cotton per acre, as against 187 pounds of early-planted 
but later-fruiting gin seed. 

The importance of planting as early in Nie spring as practicable has 
been recognized by planters for many years, and this has been about the 
only practice employed looking to the avoidance of bollworm injury. 
Best results from this work have often not been secured, however, 
because of the use of gin seed of unknown parentage and variety. 
No fixed dates may be given for the planting of cotton, but the effort 
should be to plant as early as possible, even though danger from frosts 
may not have entirely passed. The advantage gained in early plant- 
ing more than compensates for the injury by frost — occasional 
years. 

Karly and thorough cultivation is an important factor in the cultural 
method of producing early cotton. Early chopping out of the plants 
will permit of free branching and consequent square production. The 
fertility of the soil, either native or introduced in the way of ferti- 
lizers, may be used by plants only in a liquid condition. Hence, for 
the conservation of moisture and other reasons, timely and frequent 
cultivation are of the utmost importance. 

The steps in the production of early cotton, outlined above, include 
the principal recommendations for the growing of cotton in the pres- 
ence of the boll weevil. It is therefore seen that injury from the 
cotton bollworm and the cotton boll weevil may be best avoided by 
the adoption of one and the same’ course of improved farm practice. 
The spread of the latter species will render imperative the adoption.of 
these methods in profitable cotton culture, and along with this change ~ 
the ravages of the bollworm during ed seasons should become less 
and less. 

TRAP CROPS. 


The preference of the bollworm for corn, as compared with its other | 
food plants, permits of the use of this plant in a way to protect cotton | 
from injury. In general, protection will be needed only from the 
August generation of larve, and this may be secured by planting corn | 
in belts through the cotton fields ata time that will result in its being in | 
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tassel and silk by the 1st of August (see Pl. X XII, fig. 1). Corn in this 
condition will receive the great majority of the eggs deposited by the 
moths which otherwise would be placed on *he cotton plants. In 
planting cotton in the spring leave vacant strips across the field every 
200 or 300 feet sufficiently wide for planting 10 or 12 rows of corn. 
Under favorable conditions of rainfall and with good cultivation, 
Mexican June corn planted by June 1 will be in prime silking condi- 
tion by August 1. The corn should be allowed to mature and may be 
harvested in the usual way. Corn should not be planted in belts 
through the cotton field at the usual time in the spring. With the 
ripening of the corn the insects simply turn their attention to the 
adjacent cotton (see Pl. XXII, fig. 2). The planting of cowpeas in 
the trap corn belts is strongly recommended. Peas planted soon after 
the corn crop is up will ordinarily be in full blossom by early August 
and will serve to furnish the moths with an abundance of nectar for 
food, thus obviating the necessity of their visiting the adjacent cotton 
plants and the consequent deposition there of a certain proportion of 
their eggs. Much the same protection may be secured by the plant- 
ing of late corn here and there over the plantation after such early 
maturing crops, aS wheat, oats, etc. In all cases peas should be 
planted in the corn. The greatest benefit will result from the use of 
corn as a trap crop, when it is generally adopted by the planters of a 
neighborhood. On large plantations it is perfectly practicable to 
grow late corn in such a manner as to attract the bollworms from the 
plantation generally. 


ARSENICAL POISONS. 


It is the general belief among cotton planters that the bollworm 
may not be successfully poisoned on cotton, from the fact of its bor- 
ing to the interior of bolls and squares and there feeding out of reach 
of insecticidal substances. Such belief is true only of the later stages 
of the larva. A newly hatched bollworm is so small a creature that 
it does not usually attract the attention of the average observer (see 
Pl. II, fig. 2), and the habits of the insect during this early larval 
existence are not generally taken into account. This unobserved 
period in the growth of the larva is about the only time during which 
poisons may be expected to exert any considerable influence in its 
control. 

As has been elsewhere pointed out, the deposition of the eggs over 
the cotton plant and the habits of the newly hatched insect have an 
important bearing on the possibility of poisoning. Larve hatching 
from eggs placed on other parts of the plant than the tender growing 
tips, squares, and flowers, which are ordinarily soon penetrated, must 
spend some time in crawling around in search of tender food. Dur- 
ing this aimless wandering of from several hours to a day or more, 
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frequent attempts are made at eating, and the larvee would be readily 
poisoned if poisons were present on the plants. From a series of 
observations, both in 1903 and 1904, it was found that from 62 to 73 
per cent of the eggs deposited by the bollworm moth on cotton were 
placed on the leaves, stems, leaf stalks, etc., or on other parts than 
the tender tips, squares, and flowers, so that the resulting larve 
could be destroyed by timely applications of poison. Ordinarily, 
poisons will be profitable only against the August generation of 
larvee, and results will be much more pronounced during seasons of 
severe, as compared with moderate, bollworm injury. The plants 
ala be kept poisoned from about the last week in July until about 
the second week in August, and later if the moths are seen to be 
abundant. During this period the eggs of the destructive August 
brood will be deposited, and the presence of poisons on the plants as 
the young larve are hatching will result in their destruction in large 
numbers. 

As between the dusting and spraying methods of applying poison, 
the former seems more practicable (see Pl. X XIII, fig. 1). In dusting 
with Paris green, this should be used at about the rate of 2 to 3 pounds 
per acre for each application, the quantity varying somewhat with the 
size of the plants. In many cases, as with careless labor, it will be 
more economical to dilute the poison with cheap flour or dry slaked 
lime. Applications may satisfactorily be made by the usual pole 
and bag method. The use of geared poison blowers (see Pl. XXIV, 
fig. 1) would permit of the work being done more rapidly, which is 
very important. Applications of dry poison should be made at night, 
early in the morning, or late in the evening, when the plants are 
sufficiently wet with dew to insure its sticking. Paris green, applied 
in water, should be used at about the rate of 1 pound to 50 gallons, 
which amount will cover about 1 acre (see Pl. XXIII, fig. 2, illus- 
trating Department’s spraying experiments in bollworm control). The 
effect of a rain will be to wash the poison largely from the plants, and 
the application must necessarily be at once repeated. Applications of 
poisons, as above indicated, at intervals of a week or ten days, should 
keep the plants sufficiently poisoned to accomplish the desired results. 


INEFFECTIVE METHODS OF COMBATING THE BOLLWORM. 


During periods of serious bollworm injury planters often resort to 
various methods in their efforts to prevent the destruction of the crop. 
The burning of lights in the fields, the use of poisoned sweets, and the 
burning of sulphur were more or less practiced in 1903. These and 
similar methods have been shown, by numerous tests (see Pl. XXY, 
figs. 1 and 2) during the present investigation, to be of no practical 
value whatever, and attention is called to their futility that needless 
expense may Be avoided in the future. 


133 
MECHANICAL DESTRUCTION. 


Various types of machines for collecting cotton boll weevils from 
plants have been devised during the past few years. Some of these 
have been tried for collecting the cotton bollworm (see Pl. XXIV, 
fig. 2). In one case it was determined by a series of counts that about 
10 per cent of the bollworms were collected by the machine in passing 
over the plants. It is considered possible that machines of this char- 
acter may be so perfected as to render their use profitable in collecting 
bollworms. 


METHODS OF BOLLWORM CONTROL ON CORN, TOMATOES, AND 
TOBACCO. 


It must be acknowledged that thus far no satisfactory method of 
controlling the bollworm on sweet and field corn has been discovered. 
In those States where the insects hibernate in corn fields fall or winter 
plowing would be especially valuable in destroying the pupze in the 
soil. Indeed, this practice is about all that may be recommended. 
During the present investigation tests have been made of several plans 
which have been recommended as of possible value. The plan to 
erush larve in the roasting ears, by hand or otherwise, does not, 
apparently, take account of the often numerous smaller larve to be 
found in the ear and which largely escape the effects of pressure fatal 
to the larger individuals. 

Tests by Messrs. Bishopp and Jones of various substances placed 
on corn silks and ears, as black pepper, tar, sulphur, tobacco, crude 
petroleum, pennyroyal, creolin, pyrethrum, etc., as repellents to the 
moth in egg laying on these parts, gave negative results. While 
some substances apparently prevented the moths from oyipositing, _ 
their effect was to kill the portions treated. 

The first brood of larve infesting ‘* buds” of corn in the spring 
could in many instances be profitably sought for and destroyed by 
children, or plow hands in the course of their work, thus greatly 
lessening the numbers of the insects in succeeding generations. This 
practice uniformly followed by the farmers of a neighborhood should 
serve in the course of a year to so reduce the numbers of the bollworm 
that its injuries would be of little importance. Such a plan would be 
perfectly practicable in lessening injury to cotton, and its value would 
be in proportion to the extent of its adoption by the planters of a 
neighborhood. 

_ No experiments in the control of the bollworm on tomatoes were 
undertaken during the present investigation. While there are but 
few data as to the deposition of eggs by the bollworm on tomato 
plants, it is certain that these are placed quite as promiscuously over 
the leaves, stems, etc., as was found to be true in the case of cotton 
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and corn. It would therefore appear that arsenical poisons might 
profitably be used in bollworm control on tomatoes, either alone or in 
fungicidal preparations designed to prevent fungous diseases. Appli- 
cations of poisons should be made as soon as bollworm moths are 
observed in numbers in tomato fields. Two or three applications at 
intervals of a week or ten days should suffice to poe from important 
injury. 

Early sweet corn may be planted in belts chiral the tomato field 
in a way that will afford much protection to the erie fruit. A sys- 
tematic effort toward the destruction of all larvee found in these trap 
belts would contribute much toward lessening future injury. 

Bollworm injury to tobacco is confined principally to the ‘* bud.” 
A treatment which has been in practice for many years by the tobacco 
growers of Florida, and possibly elsewhere, is to sprinkle into the 
“bud” at frequent intervals, by means of a tin can with perforated 
bottom, a mixture of Paris green and cornmeal. Where tobacco is 
sprayed with arsenites in the control of the ‘‘ hornworm,” this treat- 
ment will probably keep the bollworm in subjection. 
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' pp. 63, 65. 

Mentions injury from bollworm; late planting of corn supposed preventive. | 

Newman, Epw.—The Scarce- bordered Straw. An Illustrated Natural History 
of British Moths, London, p. 489, fig. 678. 

Description of moth and larva; distribution. Figures adult. 


Watsu, B. D. and C. V. Riney.—Cotton Insects. Amer. Ent. I, pp. 212-214. 

Describes stages, habits, ravages, and mentions food-plants; suggests remedies. 

WatsH, B. D., and C. V. Ritzy.—The Bollworms or Corn Worms. Amer, 
Ent., II, pp. 42-44. | 

Seasons, food-plants, ravages and remedies. 


Weir, J. W.—Proc. Ent. Soc. London, Dec. 1, 1869, p. xxviil. 

Two specimens bred from tomatoes imported from Spain or Portugal.” 

Beruune, C. J. S.—Miscellaneous notes. Larva of Heliothis armiger. Cana- 
dian Ent., I], pp. 66, 67. 

Brief notes on food-plants; references. 


Grotr, A. R., and C. T. Roprnson.—Descriptions of American Lepidoptera. 
No. 5. Trans. Amer. Ent. Soc., III, p. 180. 

Habitat note under Heliothis wmbrosus Grote; the latter is mentioned as a 
probable synonym of the European Heliothis obsoleta, Fab. 


Ritey, C. V.—The Fall Army Worm. Amer. Ent. and Bot., ie p. 328-329. 
Compares the larva of Heliothis obsoleta and Laphygma frugiperda. 


Fatuiou, M. J.—Annales Soc. Ent. France, series 5, I, pp. lii—liv. 
Note on food-plants (Zea mais, Panicum miliaceum, Setaria ttalica, and common 
bean); method of attack on bean. 


Horrman, E.—Praun’s Abbildung und Beschr. europiischen Schmetterling- 
raupen, Nurnberg, Noctue, Vol. 11, fig. 9, a, b. 
Figure of larva. 


Ritey, C. V.—The Corn Worm, alias Bollworm; Heliothis armiger. 3rd Ann. 
Rept. on the Noxious, Beneficial and other Insects of the State of Missouri, 
pp. 104-109. 

General account with remedies; figure. 


Frrepay, R. W.—On the Direct Injury to Vegetation in New Zealand by 
Various Insects, with reference to larvee of Moths and Beetles feeding upon 
the field crops; and the expediency of introducing Insectivorous Birds as a 
Remedy. Trans. N. Zeal. Inst., pp. 290, 291. 

Read before the Philosophical Institute, Canterbury, 12 Dec., 1872. Brief 
note on habit of moth and larval foods. Lists with those insects most 
injurious. 

Guiover, T.—Report of the Entomologist and Curator of the Museum. Rept. 
U. S. Commissioner Agric. f. 1871, p. 84. | 

Brief note on reports of injury. 

Doncx, L. A.—The Cotton Caterpillar. Amer. Naturalist, VII, pp. 213-216, 
fig. 39. 

Includes brief note, with an erroneous figure of larva and moth. 

Giover, T.—Report of the Entomologist and Curator of the Museum. Rept. 
U. 8. Commissioner Agric. f. 1873, p. 162. 

Comparison of Alabama (Aletia) argillacea and Heliothis obsoleta. 


1874. 


— 1875. 


1875. 
1876. 
1877. 
1877. 
1877. 


1878. 


1878. 
1878. 


1878. 


1878. 
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Grotr, A. R.—On Allied Species of Noctuide inhabiting Europe and North 
America. Bul. Buffalo Soc. Nat. Sciences, II (1874-1875), pp. 194, 199-200. 

Under the heading—Species believed to be common to Europe and North 
America, exclusive of Labrador or circumpolar forms—lists Heliothis obsoleta, 
Fab. (Europe) and Heliothis umbrosus (N. A.), thus again establishing 
their synonomy. cf. Grote, id. 1875. 


. Anon.—On the Relation between woropean and American Noctuina. Psyche, 


I, pp. 65-68. 
American and European species canals Vide Speyer (1875). 


. Bere, Carios.—Patagonische Lepidopteren, beobachtet auf einer Reise im 


Jahre 1874. Bul. Soc. Impériale Naturalistes de Moscou, XLIX, pt. 2, pp. 
191, 192-198, 219-220. Separate, Mockba, 1876, pp. 1, 2-3, 29-30. . 

Lists with valuable notes. This article is reviewed by Lintner (1878). 

Grote, A. R.—On Allied Species of Noctuide inhabiting Europe and N. A. 
Bul. Buffalo Soc. Nat. Sciences, II (1874-1875), pp. 313-314. 

Fresh observations reduce the number of species held to be common to both 
continents. Heliothis obsoleta retained as originally. Vide Grote, ib., 1874. 

Speyer, A.—Europiisch-amerikanische Verwandtschaften. II. Ent. Zeit., 
Stettin, XXXVI, pp. 158-159. 


- Comparison of American and European specimens of obsoleta; general notes. 


Birp, H. M. G.—Heliothis armiger. Entomologist, London, IX, p. 261. 

Food-plant and variation of larve; specimen reared on geranium flowers in 
the Isle of Wight. 

Packarp, A. S.—Half-hours with Insects, Boston, p. 224, fig. 172. 

Brief notes; very poor figure of moth and larva. 

PacKkarp, A. 8.—Report on the Rocky Mountain Locust, and other insects now 
injuring or likely to injure field and garden crops in the Western United 
States and Territories. Rept. U. S. Geol. Surv. f. 1875, pp. 778-780. 

General considerations. : 

TuGwe.L, W. H.—Life History of Heliothis armigera. Entomologist, London, 
X, pp. 283-284. 

Includes account of cannibalism and method of feeding on geraniums; general. 

Frencu, G. H.—Economic Entomology of Illinois. JI, Lepidoptera. 7th Ann. 
Rept. State Ent. Illinois, f. 1877, in Trans. Dept. Agric. Illinois, XV, pp- 
231-233. 

The Armed Heliothis. Short account, with descriptive note on stages. Fall 
plowing and early planting recommended. 

Frencu, G. H.—Insects Injurious to the Vegetable Garden. Lepidoptera. 
Trans. Illinois State Hort. Soc., f. 1877, n. series, XI, pp. 198-199, fig., p. 204. 

Discussion of habits and injuries. 

GLover, T.—Cotton and the Principal Insects frequenting the plant. ‘Tilustra: 
tions N. A. Entomology, Washington, 1878, pls. 17-18. 

Original figures of all stages and of the injury to cotton. 

Lintner, J. A.—On Some Lepidoptera Common to the United States and Pata- 
gonia. Entomological Contribution No. IV, vi, 30th Ann. Rept. N. Y. State 
Mus. Nat. Hist., 1878, pp. 164-166. 

A review of Berg (1875). Valuable notes on cause of distribution and habits 
of larva. 

Tuomas, C.—The Corn-Worm or Bollworm (Heliothis armigera). 7th Ann. 
Rept. State Ent. Illinois, in Trans. Dept. Agric. Illinois, XV, pp. 4, 102-106, 
et ib., ante, Rept. Mus. Committee, p. 99, seg., p. 110. 

General account with remedial measures, 


1879. 


1880. 


1880. 


1880. 
1880. 
1880. 
1880. 
1880. 
1880. 
1880. 


1881. 


1881. 


*1881. 


1881. 


1881. 


1881. 
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. Anon.—Canadian Ent., XI, p. 202. 


Mentions carnivorous habits. 


. Comstock, J. H.—Report on Cotton Insects. U.S. Dept. Agric. 1879, pp. 


287-315, pl. II, text-figs., 76, 77. 

Very complete, covering natural history and remedies. 

Frencu, G. H.—Corn Worm. Pacific Rural Press, Sept. 13. 

Tall varieties of corn perhaps attacked less than short varieties. 

Butter, A. G.—On a second Collection of Lepidoptera made in Formosa by 
H. E. Hobson, Esq. Proc. Zool. Soc. London, 1880, p. 676. 

Listed with the synonymic Leliothis succinea Moore. 

CLAYPOLE, E. W.—Helhothis armiger feeding on Hard Corn. Amer. Ent., III 
(n. series, I), p. 278 

Abundance, habits, and ravages on corn in Ohio; injury by ‘canal brood; 
percentage of corn infested. 

Comstock, J. H.—The Bollworm. Ann. Rept. U. S. Commissioner Neca £. 
1879, pp. 332-347. 

Condensed account. of the bollworm from Comstock (1879). 

Jones, R. W.—Effect of Pyrethrum on Bollworms. Amer. Ent., IIE an ser., 
I), pp. 251-252. 

Report of experiments with pyrethrum extract on the larve. 

Jones, R. W.—Bollworm devouring the Cotton Worm. Amer. Ent., III (n. 
series, I), p. 253. 

Recorded as eating the pups of Alabama (Aletia) argillacea. ; 
Jones, R. W.—Uselessness of Yeast Ferment. Amer. Ent., III (n. series, I), 
p- 296. 

Record of experiments with yeast ferment on bollworms. 

Ritrey, C. V.—Worms on Cabbage—Bollworm feeding on Leaf. Amer. Ent., 
III (n. series, 1), p. 254. 

Records larva feeding on the leaves of cabbage. . 

SrELLE, J. P.—Boll Rot caused by Bollworms. Amer. Ent., III (n. series, I), 
p- 250. 

Treats of the arene and injuries of the bollworm in Texas. 

STELLE, J. P.—Road Dust Against Cotton Worms. Amer. Ent. [=I (n. series, 
AD wp. 'Zo1! 

Mentions the fact that road dust diminishes destructiveness. 

Cook, A. J.—Canadian Ent., XIII, p. 215. . 

First attack on corn in Michigan, in 1880. 

CoquILuLETt, D. W.—Heliothis armigera. 10th Rept. State Ent. Illinois, in 
Trans. Dept. Agric. Illinois, X VIII, 1880, append., p. 150, fig. 51, a-f. 

Brief description of the larva, with copied figures of the stages. 

Lintner, J. A.—Ontario County Times, Nov. 9. } 

History and habits. 

Lintner, J. A.—The Corn Worm, Heliothis armigera. Cult. and Country 
Gentleman, Nov. 24, XLVI, p. 759. 

Character of larva and adult; ravages and feeding habits. 

Moors, F.—Description of New Genera and Species of Asiatic Nocturnal Lepi- 
doptera. Proc. Zool. Soc. London, 1881, pp. 360, 362. 

Description of Heliothis obsoleta Fab., as Heliothis succinea Moore. A struc- 
tural peculiarity of obsoleta is mentioned. 
Ritey, C. V.—The Bollworm, alias Corn Worm. Ann. Rept. U. 8. Commis- 

sioner Agric. f. 1881, pp. 85-92. Separate, Washington, 1883, p. 145. 
Practically an advance print from 4th Rept. U.S. Ent. Comm. Vide Riley 
(1885). On food plants other than cotton, 


1882. 


1882. 


1882. 


1882. 
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FrencH, G. H.—11ith Ann. Rept. State Ent. Illinois, pp. 82-104. 

Description of the stages; ravages and remedies. . 

Grote, A. R.—Description of New Noctuide. Bul. Brooklyn Ent. Soc., III, 
p. 30. 

Description of Heliothis obsoleta as Heliothis interjacens. Grote. 

Ke.uicott, D. S.—Observations and Notes. Bul. Buffalo Soc. Nat. Sciences, 
VS p. Gl: 

Mentions injury to corn in Michigan. . 

Lintner, J. A.—Heliothis armiger Hubn. The Corn Worm. Ist Ann. Rept. 
on the Injurious and Other Insects of the State of New York, pp. 8, 38, 116- 
126, figs. 27, 28. Addenda, p. 344. 

Good account with figures; short bibliography given. Habits of moths and 
larvee; food plants, distribution, injuries, and remedies. 


- 1882-1883. Surv, J. B.—Synopsis of the North American Heliothine. Trans. Amer. 


1883. 


1883. 
1883. 
1883. 


1884. 


‘Ent. Soc., X, pp. 220-221. . 

Descriptive notes; establishes synonymy of Heliothis obsoleta and Heliothis 
umbrosus. 

Butter, A. G.—On a collection of Indian Lepidoptera received from Lieut.- 
Col. Charles Swinhoe, with numerous notes by the collector. Proc. Zool. 
Soc. London, 1883, pp. 161-162. 

The synonymic Heliothis rubrescens listed, remarking that perhaps it is but a 
dark red variety of Heliothis obsoleta. Suggestive remarks on the varieties 
of the latter. ( 

Grote, A. R.—Remarks upon Ale North American Heliothine and their recent 
Literature. Trans. Amer. Ent. Soc., X, pp. 264-265. 

On the genus Heliothis; a criticism of Smith (1882-1883). 

JoHnson, L.—Report on the Cotton Worm, Bollworm, and other Insects. 
Bul. 1 (old series), Div. Ent., U. S. Dept. Agric., pp. 53-58. 

Remarks on its abundance in Mississippi in 1882. 

Rivey, C. V.—The Cotton Bollworm, or Corn Earworm. Insects in relation 
to Agriculture. Stoddart’s Encye. smrerienna, 1883, I, p. 141. 

Brief general account. 

MENDENHALL, R. J.—Entomological Notes of the Season of 1883. Trans. Min- 
nesota State Hort. Soc., 1884, pp. 142-148. 

Mentions characters, food habits, injuries, and remedies. 


1884-1887. Moors, F.—The Lepidoptera of Ceylon, III, p. 57, figs. 1, la, of pl. 150. 


1884. 


1885. 


1885. 
1887. 


1888. 


Brief description of adult and larva; food of larva given as rosebuds; figures 
colored but rather poor. 

Ratuyon, 8. 8.—The Corn worm (Heliothis armigera). Agric. Pennsylvania, 
Rept. State Bd. Agric. f. 1883, pp. 238-244, fig. 

Good account of habits, life history, etc., on corn, including general descrip- 
tions of stages, with poor figures of the larve on corn, of the adult, pupa, 
and cocoon. Contains many errors. 

Ritey, C. V.—The Bollworm. 4th Rept. U.S. Ent. Commission, pp. 355-385. 

An excellent account, including the principal known facts up to that time. ° 

Wesster, F. M.—Insects Affecting the Corn Crop. Rept. Indiana State Bd. 
Agric., XX VII, pp. 200-201, pls. V, fig. 4; VI, Hee 1 

Brief account, with synonymy. 

Meyrick, Epw.—Monograph of New Zealand Noctuina. Trans. N. Zeal. Inst. 
XIX Ga series II), 1886, pp. 34-35. 

Distribution, description of adult, and larval food plants. 

Kent, G. H.—Some notes from Mississippi. Insect Life, I, p. 17. 

But little injury to corn and cotton in 1887. | 


1888. 


1889. 


1889. 


1889. 


1889. 


- 1889. 


1889. 


1889. 


1889. 


1889. 


1889. 


1889. 


1889. 


1889. 


1890. 


1890. 


1890. 
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Kent, G. H.—Injurious Insects in Mississippi for 1888. Insect Life, I, p. 217. 

Mentioned as abundant on late corn; also injured cotton. 

Bonuam, L. N.—Blackbirds vs. Bollworms. Insect Life, II, p. 47. 

Blackbirds observed feeding on bollworms in ears of corn. 

Bruner, L.—Report of the Entomologist. Ann. Rept. Nebraska State Bd. 
Agric. f. 1888, pp. 95-97. ; . 

Vide Bruner (1891). 

CoquittetT, D. W.—tThe Corn Worm or Bollworm in California. Insect 
Life, I, pp. 331-332. 

Mentions pupation in the ears of corn. Food plants of larva; new parasite 
bred and described as Tachina armigera. 

Cotss, E. C.—Indian Museum Notes, No. 1, I, pp. 50-51. 

Reference made to bollworms injuring poppy. 

Cotes, E. C.—Entomology Notes; Heliothis armiger. Indian Mus. Notes, I, 
pp. 97-103. ; 

An account of the insect as injurious to opium. 

Druce, H.—Heliothis armiger. Biol. Centrali-Amer., Insects, Lep. Bet, 3) 
pp. 299-300. 

Synonymy and habits; es Ine 

Epirors.—Notes and News. Science, N. Y., XIV, No. 346, Sept. 20, 1889, 
pp. 196-197. 

Bollworm active in all sections of the cotton belt; gives total loss i cotton 
from combined insect attack. 


Kent, G. H.—Notes of the Season from Mississippi. Insect Life, II, p. 283. 

Includes brief note on occurrence of the bollworm on cotton and corn in 1889. 

Ritey, C. V., and L. O. Howarp.—A Bollworm Letter. Insect Life, I, p. 320. 

London purple and Paris green advised. 

Ritey, C. V., and L. O. Howarp.—The Bollworm in Texas. Insect Life, IJ, 
pp. 20-21. 

A correspondent attributes a yearly loss to cotton of from $300,000 to $400,000 
from the bollworm. 

TOWNSEND, C. H. T.—Some Michigan Notes Recorded. Insect Life, II, p. 42. 

Bollworms observed but once during a period of 12 years. In 1881 were fre- 
quently observed in green corn. | 

WasHpurn, F. L.—Corn Worm. Bul. No. 3, Oregon Agric. Exp. Sta., pp. 
7-9, figs. 19, 20, 22. 

An account of the insect in Oregon, with suggestions for remedies. Had been 
known in the State for about 8 or 10 years previously. Three generations 
are reported. Figures stages, and injured corn. 

Woopworts, C. W.—Report of the Entomologist. Ann. Rept. Arkansas Agric. 
Exp. Sta. f. 1889, p. 146. ; 

Economic notes. ; 

Becxwitu, M. H.—Report of the Entomologist. 2nd Ann. Rept. Delaware 
Agr. Exp. Sta., 1889, pp. 126-128, fig. 24, p. 132. 

A reprint of Bul: 4, Del. Agric. Exp. Sta. 

Kent, G. H.—Notes from Mississippi. Insect Life, III, p. 338. 

Bollworm reported as having reduced cotton crop fully two-fifths in 1890. 

Lintner, J. A.—The Cut Worm. Cult. and Country Gentleman, July 24, 1890, 
LV, p. 590. 

Answer to correspondent; advises sugaring, and Oe an instance in which 
successful, 


— 1890. 
1890. 


1890. 


1890. 


1890. 


1890. 
1890. 


1891. 


1891. 


1891. 


1891. 
1891. 


1891. 


1891. 
1891. 


1891. 


1891. 
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Martin, G. A.—The Corn Worm or Bollworm. Amer. Agriculturalist, 1890, 
p. 418. . 

Record of injury in New Jersey, including notes on habits and treatment. 

Mourtretpt, M. E.—Entomological Notes for the Season of 1890. Bul. No. 
23, old series, Div. Ent., U. S. Dept. Agric., p. 46. 

Noted as especially injurious in Missouri in 1890. 

Neat, J. C.—Entomological Notes. Bul. No. 9, Florida Agric. Exp. Sta., p. 8. 

Deep winter plowing recommended. 

Our, A. S.—Insect Pests—The Maize Moth (Heliothis armiger). Agric. Gaz. 
N. South Wales, I, pp. 125-127, Pl. II, figs. 1-8. 

Tolerably good general account, with poor figures. ; 

Ritey, C. V., and L. O. Howarp.—The Rollworm. Insect Life, II, p. 317. 

Paris green recommended for poisoning the larve. 

Riztey, C. V., and L. O. Howarp.—London purple and Paris green for the 
Bollworm. Insect Life, III, pp. 123-124. 

Recommended for control of the bollworm, with directions for their use. 

SmitH, J. B.—The Corn Worm. Report of the Entomologist. Ann. Rept. N. 
Jersey Agric. Exp. Sta. f. 1890, pp. 516-518. 

Unusual injury to corn mentioned; two broods recorded for New Jersey. 

Bruner, L.—Bul. No. 23, old series, Div. Ent., U. 8. Dept. Agric., p. 9. 

Less destructive to corn than usual along the Mississippi River in 1890. 

CuarkK, J. W.—Damage to Geraniums by Heliothis; cannibalistic habit of the 
larva. Insect Life, III, p. 399. 

Notes damage to geraniums in greenhouse at Columbia, Missouri. 

Corrs, E. C.—Agricultural Entomology. Jour. Bombay Nat. Hist. Soc., VI, 
p. 240. 

Lecture delivered before the Agricultural-Horticultural Society, Calcutta, 
March 19, 1891. The bollworm on pods of opium poppy in India; larva 
omniyorous. Very interesting notes on local habits in regard to food and. 
mode of pupation. ~ 

Corrs, E. C.—Indian Museum Notes, II, p. 24. 

Remarks on habits and food plants. 

Hunter, W. N.—Injurious Insects of Nebraska. Insect Life, IV, p. 132. 

Serious injury to corn is reported in Nebraska in 1891. 

Matty, F. W.—The Bollworm of Cotton. Bul. No. 24, old series, Div. Ent., 
U.S. Dept. Agric., p. 50. 

A report of progress in a supplementary investigation of the bollworm. 

Matty, F. W.—Report of Progress in the Investigation of the Cotton Bollworm. 
Bul. No. 26, old series, Div. Ent., U. S. Dept. Agric., pp. 45-56. 

Discusses distribution, food plants, characters and transformations, number of 
broods, hibernation, natural enemies and remedies. 

Ritey, C. V.—Report of the Entomologist. Ann. Rept. U. 8. Dept. Agric. f. 
1890, pp. 240-241. 

Remarks on the supplementary investigation of the bollworm undertaken in 
1890. 

Rizey, C. V.—The Outlook for Applied Entomology. Insect Life, III, p. 181. 

Arsenical poisons advised for the bollworm, with directions for use. 

Smita, W. W.—Abundance of Lepidoptera in New Zealand. Entomologist, 
London, XXIV, p. 213. 

Distribution and occurrence. Discusses theory of distribution. 

TownseEnD, C. H. T.—Notes of Interest. Insect Life, IV, p. 26. 

Includes reference to injury to corn by bollworms in New Mexico, during 
July, 1891. 


22051—No. 50—05——10 


1891. 
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Tozzet1, Ap. TARGIOoNI.—Animali ed insetti del tabacco in Erba e del tabacco 
secco. Firenze-Roma, pp. 275-278, Tav. III, fig. 1, text fig. 96. 

Good account with synonomy, names, and description of the adult. Figures 
larval injury to tobacco, and gives habits, food plants, etc. Remedies briefly 
noted. 2 


WessteR, F’. M.—Early Published References to Some of Our Injurious Insects, 
II. Insect Life, IV, p. 326. 

Records occurrence of what is probably Heliothis obsoleta in 1820 on cotton; and 
in 1842 on corn in Illinois. 


ARKLE, J.—A Tomato Caterpillar (Heliothis armigera). Entomologist, London, 
XV, pp. 237-238. 

Life-history notes on larvez in tomatoes imported from Valencia; range and 
food plants. 


Bruner, L.—Report of the Entomologist. Ann. Rept. Nebraska State Bd. 
Agric. f. 1891, pp. 252-255. : 
General considerations. Common injurious insect to corn in Nebraska. 


GARMAN, H.—Rept. Kentucky Agric. Exp. Sta. f: 1889, p. 9. 

Brief account of injury in Kentucky. 

Harvey, F. L.—Report of the Entomologist. Ann. Rept. Maine Agric. Exp. 
Sta. f. 1892, pp. 119-123, fig. 4. 

The bollworm or cornworm is figured and described with remedial measures. 
Apparently the first record of injury in Maine; one brood reported. 


Mutten, 8. B.—Corn as a trap crop for the Bollworm. Insect Life, V, p. a 
Tomatoes reported protected by use of corn as a trap crop. 


Neat, J. C.—Insects. Bul. No. 3, Oklahoma Agric. Exp. Sta., pp. 9-11, fig. 5. 
General account with old figure. 


SmitH, J. B.—Report ofthe Entomologist. Rept. N. Jersey Agric. Exp. Sta. f. 
1892, pp. 441-446. | 

General considerations in New Jersey; number of broods. 

SmitH, J. B.—Notes of the Year in New Jersey. Insect Life, V, p. 93. 

Includes reference to serious injury to tomato in New Jersey by the bollworm; 
locally known as the ‘‘heart-worm.”’ 


TownsEenD, C. H. T.—The Possible and Actual Influence of Irrigation on 
Insect Injury in New Mexico. Insect Life, V, p. 78. 

Expresses the opinion that irrigation will destroy pupz of bollworm in the 
ground. 


Tutt, J. W.—The British N tae and Their Varieties, III, pp. 121, 128. 
Its remarkable distribution mentioned; varies excessively. Varieties fusca 
Ckll., ochracea Ckll., and umbrosus Grote listed; subvariety ewmaculata. 


Atwoop, W. B.—Insects and Insecticides. Bul. No. 24, Virginia Agric. Exp. 
Sta.,(p. 13: 

Brief account, with remedial suggestions. Protecting corn by ee of 
strong tobacco decoction, etc., to the silks. 

Barrstow, 8. D.—The Ealwonnh or Corn Worm of the southern United States— 
The Peach Underwing of the Cape. Agric. Jour., Dept. Agric. Cape Colony, 
S. Africa, 1893, VI, p. $1. 


Reported serious enemy to peaches in 1892, in Cape Colony. 


Corrs, E. C.—Conspectus of the insects which affect crops in India. Hehothis 
armiger. Indian Mus. Notes, II, No. 6, p. 160. 
List of Indian food plants. 


1893. 
1893. 
he, 
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1894. 
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Eprrors.—The Maize Moth (Heliothis armigera, Hiib.). Agric. Gaz. N. South 
Wales, IV, pp. 213-214. . 

Notice of injury, with discussion. 

Matty, F. W.—The Bollworm of Cotton. Bul. No. 29, old series, Div. Ent., 
U.S. Dept. Agric., pp. 73. . 

Final report on investigations; treats of natural enemies, and habits; remedies 
and bacteriological experiments with insect diseases. 

Morgan, H. A. and F. H. Burnerre.—Bul. No. 22, Louisiana Agric. Exp. — 
Sta., p. 698. | 

Record of experiments in growing sweet corn to avoid bollworm injury. 

Routrs, P. H.—Enemies of the Tomato. Bul. No. 21, Florida Agric. Exp. 
Sta., pp. 19-23. 

General account as an enemy to tomatoes. 

SmitH, J. B.—Ent. News, 1893, p. 10. 

Injury to early tomatoes in New Jersey. Remedies. 

SrepMAN, J. M.—Injurious and Beneficial Insects. Some Insect Pests of the 
Farm and Garden. Bul. No. 45, Alabama Agric. Exp. Sta., pp. 32-34, 
30-36, figs. ; 


- Popular account, with figures after Riley. 


Wesster, F. M.—Insect Foes of American Cereal Grains, with Measures for 
‘their Prevention or Destruction. 24th Ann. Rept. Ent. Soc. Ontario, pp. 
91-92. 

Number of broods in the North; suggests remedies. 

Weep, H. E.—Remedies for Insects Injurious to Cotton. Insect Life, VI, pp. 
168-170. ; 

Consideration of remedial measures for the bollworm. 

AsHmEAD, W. H.—Notes on Cotton Insects found in Mississippi. Insect Life, 
VIE p..20. 

Reference is made to an investigation of the bollworm in Mississippi. 

DuPre, J. F. C.—Bul. No. 16, 8. Carolina Agric. Exp. Sta., p. 3. 

Notes destruction of tomatoes, and suggests hand picking as a remedy. 

Hampson, G. F.—Heliothis armigera. Fauna British India, IJ, pp. 174-175, 
fig. 114. , 

Good account with synonomy and figure; brief description of the larva, men- 
tioning rose buds as food. 

OsBorN, HerBert.—Corn Insects. Bul. No. 24, Iowa Agric. Exp. Sta., pp. 
1003-1004, figs. 10, 11. 

Brief descriptive notes, life-history, and remedies included. Two broods for 
lowa. 

Ritey, C. V.—Report of the Entomologist. Ann. Rept. U. S. Dept. Agric. 
1893; pp: 199, 208. , 

References to special bollworm investigations. . 

Smitu, J. B.—Notes of the Year in New Jersey. Insect Life, VII, p. 185. 

Reports serious injury to tomatoes in southern New Jersey. 

Wesster, F. M.—Bul. No. 51, Ohio Agric. Exp. Sta.; p. 138. 

Brief notes; number of broods. 

Lounsgury, C. P.—Some Injurious Insects. Bul. No. 28, Mass. Agric. Exp. 
Sta., pp. 16-17, fig. 8, a-f. 

Brief account, with old copied figures of the stages. 

LuceGeEr, O.—The Sweet-corn Moth or Tassel-worm. Bul. No. 43, Minnesota 
Agric. Exp. Sta., pp. 196-200, pl. 11, fig. 54. 

General account of life-history, enemies, and remedies, with figures of the 
stages from photographs. 
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Musson, C. T.—Entomological Notes. Agric. Gaz.°N. South Wales, Views 
263. 

The army worm; brief account of occurrence and remedies. 

Weep, H. E.—Insects Injurious to Corn. Bul. No. 36, a Agric. 
Exp. Sta., pp. 150-152. 

Popular account of life-history with remedies. 

Lows, V. H., and F. A. Strrinre.—Report of the Entomologia Rept. New 
York State Agric. Exp. Sta. 1895, pp. 559-565. 

Discussion with especial reference to injuries to sweet corn in southeastern 
New York in 1895. Fall plowing recommended for the north. 

ARKLE, J.—Heliothis armigera imported with tomatoes. Entomologist, Lon- 
don, X XIX, p. 334. 

Records importation; habits of larvee in confinement. 

ASHMEAD, W. H.—Proc. Ent. Soc. Washington, IV, p. 32. 

Brief remarks on the cause of variation in the adult. 

CocKERELL, T. D. A.—Bul. No. 19, N. Mexico Agric. Exp. Sta., p. 102. _ 

Brief note of injury to corn in New Mexico; food- -plants of larva. Adult 
varieties mentioned. 

Hopkins, A. D. and W. E. Rumsry.—The Corn-ear Worm. Bul. No. 44, 
W. Virginia Agric. Exp. Sta., p. 282. 

Mentions number of broods; brief account. 

Howargp, L. O.—Insects Miesine the Cotton Plant. Bul. No. 33, Office of 
Exp. Stations, U. 8S. Dept. Agric., p. 328. 

Full account, with directions for control. 

Pricr, R. H.—Saving Corn from the Bollworm. Amer. Gardener XVII, No. 
83, p. 468. 

Brief note; clipping ends of young ears recommended. 

QuarnTANcE, A. L.—Insect Enemies of Truck and Garden Crops. Bul. No. 
34, Florida Exp. Sta., pp. 264, 309-314, 323, 326. _ 

Brief biological notes, and suggestions for control on tomatoes. 

QuarInTANcE, A. L.—Brief Notes on the More Injurious Insects of the Year. 
Rept. Florida Agric. Exp. Sta., 1896, p. 57. 

Larvee noted as feeding on the vines and leaves of tomatoes. 

Smiru, J. B.—The bollworm; corn worm. Economic Entomology, Philadel- 
phia, pp. 803-305, figs. 342, 343. 

Popular account, with remedies. 

Froceatt, W. W.—Report upon Insect Pests found in the Northern District, 
May, 1897. Agric. Gaz. N. South Wales, VIII, p. 717. 

The most destructive pest to maize; urges protection of insectivorous birds; 
brief account. 

Garman, H.—Notes on the Several Tobacco Insects, and on several imper- 
fectly known Diseases of Tobacco. Bul. No. 66, Kentucky Agric. Exp. Sta., 
p. 39. : 

Note on injury to tobacco. 

Hitiman, F. H.—Some Common Injurious Insects of Western Nevada. Bul. 
No. 36, Nevada Agric. Exp. Sta., p. 19. 

Brief notes; destructive to sweet corn and occasionally to tomatoes; two broods. 

Howarp, L. O.—Some Miscellaneous Results of the Division of Entomology. 
Bul. No. 7, n. series, Div. Ent., U. S. Dept. Agric., p. 84. 

Notes from correspondents. Injuring strawberries in fall. 

Howarp, L. O.—Insects Affecting the Cotton Plant. Farmers’ Bul. No. 47, 
U. 8. Dept. Agric., p. 10. 

Revised account. Vide Howard (1896). ; 
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Morean, H. A.—Bul. No. 48, Louisiana Agric. Exp. Sta., p. 155. 

Moths observed in large numbers in grass, surrounding electric lights. 

Wesster, F. M. and C. W. Matiy.—Insects of the Year in Ohio. Bul. No. 
9, n. series, Div. Ent. U.S. Dept. Agric., p. 41. 

Records injury to ripening peaches, to eae tomatoes, and to geraniums in, 
the fall, in greenhouses. 

CHITTENDEN, F. H.—Insects Injurious to Beansand Peas. Yearbk. U.S. Dept. 
Agric., 1898, p. 255. 

Brief account of injuries to those crops. 

Curtis, W. P.— Heliothis armigera. Entomologist, London, XX XI, p. 45. 

Records importation from Portugal with tomatoes. 

FERNALD, H. T.—Supplementary Report of the Z oologist. Rept. Pennsylvania 
Dept. Agric., 1898, pt. I, pp. 426-427. 

Brief eon reported quite abundant; from two to three broods. . 


Howarp, L. O.—The Principal Insects Affecting the Tobacco Plant. Yearbk. 


U.S. Dept. Agric., 1898, p. 132. 
Brief account as injurious to tobacco. 


Hupson, G. V.—New Zealand Butterflies and Moths ( Maeiolopidonteey: Lon- 
~ don, pp. 32-33, figs. 40, 41 of pl. V. 

Occurrence, variation, food plants, and distribution. Poor colored figures of 
~ male and female. 


QuaINTANCE, A. L.—Preliminary Report upon the Insect Enemies of Tobacco 
in Florida. Bul. No. 48, Florida Agric. Exp. Sta., p. 185. 

Recorded as injuring tobacco buds; remedy suggested. 

Rotrs, P. H.—Diseases of the Tomato. Bul. No. 47, Florida Agric. Exp. Sta., 
pp. 141-143. 

Hand picking of the infested fruit recommended. 


Sours, RicHarp.—Heliothis armigera. Entomologist, London, XXXI, pp. 
17-19. 

History of in England to date; mentions injury in the United States, with 
food plants. 

Wesster, F. M. and C. W. Matity.—The Army Worm and other insects. 
Bul. No. 96, Ohio Agric. Exp. Sta., pp. 15-18, pl. ITI, fig. 1; pl. IV, fig. 1. 

Number of generations in southern and northern Ohio. Tachinid parasites of 
larva. 

CocKERELL, T. D. A.—Some Insect Pests of the Salt River Valley and Reme- 
dies for them. Bul. No. 32, Arizona Agric. Exp. Sta., p. 32. 

Brief notes; injury to corn; refers to the advantage of planting sweet corn 
late, in New Mexico, to avoid injury. 

Dearness, J.—The Cotton Bollworm in Canadian Corn. 29th Ann. Rept. Ent. 
Soc. Ontario, 1898, pp. 64-65. 

Prevalence of the bollworm in corn in Ontario in 1898. 

FLETCHER, JAMES.—The Corn Worm. 29th Ann. Rept. Ent. Soc. Ontario, 
1898, p. 82. 

Remarks on occurrence and ravages in Ontario. 

FLercHer, JAMES.—Recent Addition to the List of Injurious Insects of Canada. 
Trans. Royal Soc. Canada, series 2, V, section iv, p. 215. 

H. obsoleta by no means frequent, but occasionally very injurious to sweet corn. 
Vide preceding. 

Meyrick, Epw.—Macrolepidoptera. Fauna Hawaiiensis, I, pt. ii, pp. 137, 152. 

Localities in Hawaii; mentions adult variability and the synonymic variety 
conferta Walker; presence of a native race. 
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QuaInTANCcE, A. L.—Some Insects and Fungi Destructive to Truck and Garden — 
Crops. Proc. 23d. Ann. Meeting Georgia State Hort. Soc., pp. 51-52. 

Serious injury to sweet corn and tomatoes noted. 

Smiru, J. B.—Heliothis armiger. Insects of New Jersey. Sue 27th Ann. 
Rept. New Jersey State Bd. Agric., 1899, p. 426, fig. 

Brief remarks. 

Bartow, E.—Notes on the Insect Pests from the Entomological secaea Indian 
Museum. Indian Mus. Notes, V, No. 1, pp. 22-23. 

Brief economic notes. 

Epiror1aL.—Les Plantes de France. Leurs Chenilies et leurs Papillons. Le 
Naturaliste, XXII (series 2, XIV), pp. 44, 55, 151. 

Larva recorded feeding on the following: Cucurbita, Cannabis, and Ajonc 
europxus, with brief notes on distribution. 

Froeeatr, W. W.—Cutworms. Agric. Gaz. N. South Wales, XI, p. 530. 

Answer to correspondent. Larvz on tomatoes; recommends poisoning with 
Paris green. 

GossarD, H. A.—Ann. Rept. Florida Agric. Exp. Sta., 1899, p. 0. 

Mentions severe injury to tomatoes in Florida. 

GueERCIO, G. DEL.—Biological and Economical Notes on the Bollworm. Nuove 
Relaz R. Staz. Agric., series I, 1900, No. 3, pp. 143-159. 

Description of stages and account of habits, life-history, and natural enemies; 
list of remedies. Recommends tobacco decoction. 

Lea, A. M.—The More Common Insect Pests of the Farm and Garden. Jour. 
Dept. Agric. West Australia, II, pt. 6, pp. 404-407. 
Brief notes. 

Lrecu, J. H.—Lepidoptera Heterocera from. Northern China, Japan, and 
Corea, III. . Trans. Ent. Soc. London, 1900, p. 22. 

Heliothis obsoleta and H. succinea listed separately with synonymy and distribu- 
tion of each. Under succinea, Heliothis armiger is listed as a synonym. 

QUAINTANCE, A. L.—Insect Notes. Rept. Georgia Agric. Exp. Sta., 1900, p. 362. 

Includes brief notice of ravages of the bollworm. 

SanpeErRson, E. D.—The Corn Ear Worm. Ann. Rept. Delaware Agric. Exp. 
Sta., 1900, p. 209. 

Revord of serious injury to sweet corn in Maryland and Delaware. Three 
broods recorded. 

SmitH, J. B.—The Corn Worm. Rept. of the Entomologist. Rept. N. Jersey 
Agric. Exp. Sta. f. 1900, p. 490. 

Extent of injury to corn in New Jersey. Fall plowing recommended. 

SmitH, W. W.—Heliothis armiger. Entomologist, London, XXXIII, pp. 
201-202. 

Mentions erratic occurrence in New Zealand; moths captured by a plant. 
Soutuwick, J. M.—Report of the Entomologist. Rept. Rhode Island State 
Bd. Agric., 1900, pp. 34-35. . 

Record of injuries in Rhode Island; eh ably but a single brood. 

Froceatr, W. W.—Caterpillar Plague, with account of the Potato Pests at — 
Windsor. Agric. Gaz. N. South Wales, XII, p. 241. 

Recorded as injuring potatoes; one to two inches beneath the soil during the 
day and feeding at night like cutworms. There called the common cutworm. 

LocHHEAD, Wu.—Insects of the Season of 1900. 31st Ann. Rept. Ent. Soc. Onta- 
rio, 1900, p. 75, fig. 

Remarks on occurrence in Ontario; one brood probable; poor figure of injury 
to corn. 
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Mourrretpt, M. E.—Drought, Heat, and Insect Life. Bul. No. 31, n. series, 
Ding wnt Ws. Dept. Agric., p. 97. 

The effects of drought on the bollworm noted. 

SanpErson, E. D.—Insects Injurious to Staple Crops, New York, pp. 27, 201- 
205, figs. 115, 124, 125. 

General account of the bollworm. 

Hampson, G. F.—Catalogue Lepidoptera Phalaenz in the Collection of the 
British Museum, IV, pp. 45-46, fig. 18. 


‘Includes in the genus Chloridea, with text-figures of moth and details; synon- 


omy, and a long list of localities given. 


‘Hart, C. A.—Synopsis of Insect Collections for distribution to lhnois High 


Schools. Lepidoptera. Illinois State Lab. Nat. Hist., 1903, p. 38, fig. 51. 

Mentions food, broods, and habits, and that adults were common at lghts in 
the fall. 

Houtuann, W. J. — Heliothis armiger Hubner (The boll- worm). The Moth 
Book, N. Y., 1903, pp. 222-224, pl. xxvii, fig. 17, text-figs., 130, 131. 

Brief popular seeguiths rather good colored figure of a male; text-figures after 
Riley. 

QuarInTANCcE, A. L.—The Cotton Boll Worm. Proc. 2nd Ann. Session Texas 
Cotton Convention, Dallas, Tex., Nov., 1908, pp. 50-60, figs. 1-4. 

Abstract of an illustrated lecture delivered before the Texas Cotton Conven- 
tion at Dallas, Tex. General account, with illustrations of the injury to 
corn and cotton. | 

SHERMAN, FRANKLIN, JR.—The Cotton Bollworm. Entomological circ. No. 2, 
N. Carolina Dept. Agric. Oct. 31, pp. 1-6. 

Condensed account, with “oneal measures. 

Forsess, 8. A.—The more Important Insect Injuries to Indian Corn. Bul. No. 
95, Illinois Agric. Exp. Sta., p. 397. 

General account as an enemy of corn in Illinois. 

QuainraNnce, A. L.—Bollworm. Proc. Ent. Soc. Washington, VI, p. 66. 

A few brief notes; records the number of eggs deposited by moths in confine- 
ment as 2,200. 

QuaintTancE, A. L.—The Cotton Bollworm: An account of the Insect, with 
results of Experiments in 1903. Farmers’ Bul. No. 191, U. 8. Dept. Agric., 
pp. 24. 

An account of the ravages, natural history, and habits of the bollworm, with 
results of asupplementary investigation of the insect in Texas in 1903. 

QuainTaNncE, A. L.—Boll Worm in Texas. Farm and Ranch, Texas, July 16, 
1904, pp. 18, 17. 

Abstract of an illustrated lecture delivered before the Farmers’ Congress, Col- 
lege Station, Tex., July, 1904. History of the bollworm in the Southern 
States, and scope of the work of the U. 8S. Department of Agriculture in 
Texas in 1904. 

THEOBALD, F. V.—The Cotton-boll Worm (Homans armiger). 2nd Rept. on 
Economic Zool., Brit. Mus., Nat. Hist., pp. 114-115. 

A statement of the eration sent to the U. S. Department of Agriculture, 
on request, in regard to this insect. Gives distribution in India and Austra- 
lia, and methods used to prevent injury. 

QuartntTancg, A. L., anp F. C. BisHoprp.—The Cotton Poti orm: Some Obser- 
vations and Beanie of Field Experiments in 1904. Farmers’ Bul. No. 212, 
U.S. Dept. Agric. 

Results of investigations in 1904. 
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LETTERS OF TRANSMITTAL. 


To the Senate and House of Representatives: 

I transmit herewith, for the information of the Congress, a report 
on the Mexican cotton boll weevil. Your attention is respectfully 
invited to the accompanying letter of the Secretary of Agriculture 
recommending that at least 10,000 copies of this report be printed for 
the use of the Department of Agriculture, in addition to such num- 
ber as may be desired for the use of the Senate and House of 
Representatives. 

THEODORE ROOSEVELT. 
THe Waite Hovuss, dWarch 2, 1905. 


DEPARTMENT OF AGRICULTURE, 
OFFICE OF THE SECRETARY, 
Washington, D. C., March 2, 1905. 

Mr. Prestpent: I have the honor to transmit herewith, for your 
information and that of the Congress of the United States, a bulletin 
entitled ‘‘The Mexican Cotton Boll Weevil: A Revision and Amplifi- 
cation of Bulletin 45, to include the most Important Observations 
made in 1904,” prepared by Messrs. W. D. Hunter and W. E. Hinds, 
of this Department. 

_ This isan elaboration of a bulletin published a year ago, and of 

which an especial edition was ordered by Congress. In view of the 
popular interest felt in this subject in Texas, Louisiana, and other 
cotton-growing States, I respectfully recommend that at least 10,000 
copies of this bulletin be printed for the use of this Department, in 
addition to the number which Congress may, in its wisdom, order for 
_ the use of members thereof. 

The preparation of the bulletin has been hastened as much as is pos- 
sible, consistent with accurate and careful work, and, while it is regret- 
table that it could not have been completed at an earlier date, the 
urgency of its publication is such that it is my hope tbat you will see 
fit to urge Congress, before adjournment, to take the necessary steps 
_ to secure the publication of a sufficiently large edition. 

I have the honor to remain, Mr. President, 
| Very respectfully, 
. JAMES WILSON, Secretary. 
‘The PRESIDENT. 
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U.S, DeparTMENT oF AGRICULTURE, 
Bureau oF ENTOMOLOGY, 
Washington, D. C., March 1, 1905. 
Str: I have the honor to transmit herewith the manuscript, pre- 
pared under my direction by Messrs. W. D. Hunter and W. E. Hinds, 
special field agents of this Bureau, of an extended bulletin on the 
Mexican cotton boll weevil, which is a revision and amplification of 
Bulletin No. 45 and includes the results of the many important studies 
made during the season of 1904. ft is so amplified and altered as to 
deserve independent publication. I therefore recommend that it be 
issued as Bulletin No. 51 of this Bureau. 
Respectfully, 
L. O. Howarp, 
Entomologist and Chief of Bureau. — 
Hon. James WILSON, 
Secretary of Agriculture. 
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The present bulletin is based upon Bulletin No. 45, of this Bureau, 
entitled ‘‘ The Mexican Cotton Boll Weevil,” issued in May, 1904. 
That publication included the results of investigations of this impor- 
tant pest which had been carried on for several years. The present 
bulletin includes additional results that were obtained during the sea- 
son of 1904. In form the principal changes are in the incorporation 
of the treatment of some 50 additional topics. Asa matter of fact, 
_ however, some of the principal actual additions are incorporated in 
the tables which occur throughout the pages of the bulletin. Many 
additional features of the life history of the pest that may throw light 
upon the question of combating it have been investigated. In some 
respects very considerable additions to our knowledge of the insect 
have been made. This is especially the case in all matters relating to 
dissemination. This topic deals with matters that are naturally diffi- 
cult to determine. The work must be done in the field, and a large 
territory must be covered. Through the cooperation with the Louisi- 
ana Crop Pest Commission, which was engaged in an attempt to pre- 
vent the further advance of the boll weevil into that State, a number 
of entomologists occupied several months’ time in the extreme eastern 
and northern regions infested by the pest. It is, of course, only upon 
the basis of such a complete knowledge of all means by which the 
weevil reaches new regions that the possibility of checking its advance 
may be considered. 

The Mexican cotton boll weevil (Anthonomus grandis Boh.) has the 
unique record of developing in less than twenty years from a most 
obscure species to undoubtedly one of the most important economic- 
ally in the world. It was first brought to the attention of the Bureau — 
of Entomology as an enemy of cotton in Texas in 1894. Before it 
had invaded more than half a dozen counties in the extreme southern 
portion of Texas several entomologists were sent to the region in con- 
nection with this work. Enough was soon discovered to indicate the 
most feasible plans for avoiding damage by the pest. These original 
plans, based upon investigations of the life history of the insect, with 
modifications, for the most part due to climatic conditions in regions | 
quite dissimilar to the lower portion of Texas, are still the basis for 
all that is known in combating the pest. However, at that time it 
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was necessary to pay particular attention to the immediate economic 
phases of the problem, and a detailed study of the habits of the insect 
was impossible. In 1902, by the aid of a special appropriation by 
Congress, it became possible to establish a complete field laboratory 
in the portion of Texas in which the weevil had been known to exist 
at that time for about eight years, where a careful investigation could 
be conducted regarding the points in the life history of the pest that 
offered even remote chances of suggesting means of avoiding damage. 
The results of the work at this laboratory that have been of more 
immediate economic bearing have already been published in farmers’ 
bulletins of this Department. However, as will be seen from the fol- 
lowing pages, a very large mass of information concerning all the 
habits of the boll weevil has been accumulated. Not only on account 
of the great economic importance of the problem and the demand for 
information from numerous quarters concerning the biology of the 
pest, but also on account of the fact that the methods followed in this 
work have been to some extent original, and may be of use in con- 
nection with the investigation of other insects, it is thought advisable 


to publish a great number of the observations that have been made. — 


The historical and economic features, to which reference has been 
made elsewhere in the publications of the Bureau, are included to 
bring together in convenient form practically all that is known regard- 
ing the species. Much information obtained by the earlier investi- 
gators of the Division of Entomology, Dr. L. O. Howard, Mr. C. L. 
Marlatt, Mr. C. H. T. Townsend, and Mr. HK. A. Schwarz, has been 
used. On account of the painstaking character of the work of Mr. 
Schwarz, and his intimate knowledge of related species, his reports, 
largely unpublished, have been found especially valuable. Special 
acknowledgment is due to Mr. Schwarz also for his assistance in the 
determination of the recognizable insect fragments contained in the 
_bird stomachs collected and examined. Because of his very intimate 
knowledge of this work he has written the paragraphs under the sub- 
ject ‘‘ Birds,” pp. 150 to 153. 
| In presenting this work the authors have taken care to state fully 
the data furnishing the basis for the various conclusions. Under each 
important heading will be found, first, a description of the methods 
and apparatus employed; second, a full and in many cases tabular 
‘statement of observations; third, the obvious conclusions. Care has 
constantly been exercised to avoid errors likely to result from artificial 
conditions in the laboratory. A large part of the work of the past 
two years was in ascertaining how closely laboratory results corre- 
sponded to the actual conditions in the field. The writers have on 
many occasions been surprised to discover how close the correspondence 


is, and consider that the demonstration on a large scale of the possibil- 


ity of accurately determining the details of the life history and habits 


att ern ct ee 
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of an insect by laboratory investigations is by no means the least 
important of the results of the investigation. 

In general the laboratory investigations have been under the direc 
tion of the senior author, Mr. W. D. Hunter, but practically all of 
the labor of preparing detailed outlines and of executing or supervis- 
ing the execution of the laboratory work has devolved upon the junior 
author, Mr. W. E. Hinds, who has been in charge of the boll weevil 
laboratory. In addition to the assistants, Messrs. A. W. Morrill and 
G. H. Harris, whose work was incorporated in the original publication 
(Bulletin 45), the most important observations and experiments of the 
following field agents have contributed to the publication in its pres- 
ent form: Messrs. C. M. Walker, W. D. Pierce, W. A. Hooker, W. W. 
' Yothers, A. C. Morgan, J. C. Crawford, and 8S. Goes. Besides these, 
Prof. H. A. Morgan, the secretary of the Louisiana Crop Pest Com- 
mission, has suggested many lines of investigation. Mr. James Hull, 
of Victoria, Tex., was employed for several months in making a 
thorough study of cotton-ginning machinery. 

Specifically, all of the present bulletin, except the portion preceding 
the topic ‘* Life History,” p. 30, and the topics following the subject 
**Futile Methods Frequently Suggested,” p. 159, with the further 
exception of the topic upon ‘‘ Birds,” p. 150, has been written by the 
junior author. ‘The illustrations used are from photographs taken for 
the work by the junior author, with the exception of the text figures 
and the illustrations of ‘‘Insects mistaken for the boll weevil,” of 
which those marked ‘‘ original” are, with one exception, from draw- 
ings prepared by the Bureau of Entomology. 
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THE MEXICAN COTTON BOLL WEEVIL. 


GENERAL CONSIDERATIONS. 


HISTORY. 


There is very little certainty regarding the history of the Mexican 
cotton boll weevil before its presence in Texas came to the attention of 
the Bureau of Entomology in 1894. The species was described by 
Boheman in 1843 from specimens received from Vera Cruz, and it was 
recorded by Suffrian in 1871 as occurring at Cardenas and San Cristobal, 
in Cuba. Written documents in the archives at Monclova, in the State 
of Coahuila, Mexico, indicate that the cultivation of cotton was prac- 
tically abandoned in the vicinity of that town about the year 1848, or 


_at least that some insect caused very great fears that it would be nec- 


essary to abandon the cultivation of cotton. A rather careful inves- 
tigation of the records makes it by no means clear that the insect was 
the boll weevil, although there is a rather firmly embedded popular 
notion in Mexico, as well as in the southern United States, that the 
damage must have been perpetrated by that species. As far as the 
accounts indicate, it might have been the bollworm (/elzothzs obsoleta) 
or the cotton caterpillar (Alabama argillacea). 

_ From the time of the note by Suffrian regarding the occurrence of 
the weevil in Cuba in 1871 up to 1885 there has been found no pub- 
lished record concerning it. In 1885, however, C. V. Riley, then 
Entomologist of the Department of Agriculture, published in the 
report of the Commissioner a very brief note to the effect that Antho- 
nomus grandis had been reared in the Department from dwarfed cot- 
ton bolls sent by Dr. Edward Palmer from northern Mexico.* This is 


_ The following is a copy of the original letter by Doctor Palmer: 
EHaG LE Pass, TEex., September 28, 1880. 
The CoMMISSIONER OF AGRICULTURE. 

Str: Previous to leaving Monclova, Mexico, for this place I visited some fields 
planted with cotton. Seeing but few bolls of cotton, examination revealed the cause. 
An insect deposits its egg and the boll falls; thus some plants had only two or three, 
others five or six bolls, while underneath the leaves, in the shade thereof, were 
many that had fallen there in the moist shade to lay for the larva to hatch. Please 
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the first account associating the species with damage to cotton. The 


material referred to was collected in the State of Coahuila, supposedly 
not far from the town of Monclova. The exact date at which the — 


insect crossed the Rio Grande into Texas is as uncertain as the means 
whereby this was accomplished. All that can be found, which is 
mostly in the form of testimony of planters in the vicinity of Browns- 
ville, indicates that the pest first made its appearance in that locality 
about 1892. In 1894 it had spread to half a dozen counties in the 
Brownsville region, and during the last months of the year was 
brought to the attention of the Bureau of Entomology as an impor- 
tant enemy of cotton. Mr. C. H. T. Townsend was immediately sent 
to the territory affected. His report was published in March, 1895. 
It dealt with the life history and habits of the insect, which were pre- 
viously completely unknown, the probable method of its importation, 
the damage that might result from its work, and closed with recom- 
mendations for fighting it and preventing its further advance in the 
cotton-producing regions of Texas. It is much to be regretted that 
the State of Texas did not adopt at that time the suggestion made by 
the Bureau of Entomology that a belt be established along the Rio 
Grande in which the cultivation of cotton should be prohibited, and 
thus cut off the advance of the insect. 

The events of the last few years have verified the prediction of the 
Bureau of Entomology in regard to the advance made and the damage 
caused by the insect. 

In 1895 the insect was found by the entomologists, who continued 
the investigation started the year before, as far north as San Antonio 
and as far east as Wharton. Such a serious advance toward the prin- 
cipal cotton-producing region of the State caused the Bureau to con- 
tinue its investigations during practically the whole season. The 
results of this work were incorporated in a circular by Doctor Howard, 
published early in 1896, in both Spanish and English editions. 

An unusual drought in the summer of 1896 prevented the maturity 
of the fall broods of the weevil, and consequently there was no exten- 
sion of the territory affected. It should be stated in this connection 
that the region from San Antonio to Corpus Christi, and thence to 
Brownsville, will frequently pass through similar experiences, which 


will be quite different from anything that may be expected to occur — 


find enclosed insects and many of the injured bolls, some newly punctured, others 
taken from under the plant. 

Moncloyva, Mexico, and the surrounding country a few years ago was famous for 
its large supply of cotton; at this time none can be grown, owing to the destructive 
insect, samples of which are sent. The inhabitants would be glad to hear of a 
remedy, upon which matter in the future I will communicate with your Department. 

Your obedient servant, 
EpwARD PALMER. 
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in regions where the rainfall is more certain. In 1900, as well as in 
1903, in all or part of the region referred to, the numbers of the weevil 
- were reduced by climatic conditions, principally a scanty rainfall, so 
that they were comparatively unimportant factors. During 1896 the 
investigations were continued, and the results published in another 
circular issued in February, 1897. This circular was published in 
Spanish and German as well as English editions, for the benefit of 
the very large foreign population in southern Texas. 

The season of 1897 was in many respects almost as unfavorable as 
that of 1896, although the pest increased its range to the region about 
Yoakum and Gonzales. Aithough this extension was small it was 
exceedingly important, because the richest cotton lands in the United 
States were beginning to be invaded. The problem had thus become 
so important that Mr. Townsend was stationed in Mexico, in a region 
supposed to be the original home of the insect, for several months to 
discover, if possibJe, any parasites or diseases that might be affecting 
it, with the object of introducing them to prey upon the pest in Texas. 
Unfortunately nothing was found that gave any hope of material 
assistance in the warfare against the weevil. 

The season of 1898 was very favorable for the insect. Bastrop, 
Lee, and Burleson counties became invaded, and some isolated colo- 
nies were found across the Brazos River, in Waller and Brazos coun- 
ties. Investigations by the Bureau of Entomology were continued, 
and a summary of the work, dealing especially with experiments 
conducted by Mr. C. L. Marlatt in the spring of 1896, was published 
in still another circular. At this time the legislature of the State of 
Texas made provision for the appointment of a State entomologist 
and provided a limited. appropriation for an investigation of means 
of combating the boll weevil. In view of this fact the Bureau of 
Entomology discontinued, temporarily, the work that had been carried 
on by having agents in the field almost constantly for four years, and 
all correspondence was referred to the State entomologist; but, 
unfortunately, the insect continued to spread, and it soon became 
apparent that other States than Texas were threatened. This caused 
the work to be taken up anew by the Bureau of Entomology in 
1901, in accordance with a special appropriation by Congress for an 
investigation independent of that being carried on by the State of 
Texas and with special reference to the discovery, if possible, of 
means of preventing the insect from spreading into adjoining States. 

In accordance with this provision an agent was sent to Texas in 
March and he remained in that State until December. He carried on 
cooperative work upon eight of the larger plantations in the weevil 
region. The result of his observations was to suggest the advisability 
of a considerable enlargement of the scope of the work. It had been 
found that simple cooperative work with the planters was exceedingly 
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unsatisfactory. The need of a means of testing the recommendations 
of the Bureau of Entomology upon a large scale, and thereby furnish- 
ing actual demonstrations to the planters, became apparent. Conse- - 
quently, at the suggestion of the Department of Agriculture, provision 
for an enlargement of the work was made by Congress. Agreements 
were entered into with two large planters in typical situations for test- 
ing the principal features of the cultural system of controlling the 
pest upon a large scale. In this way 125 acres at Victoria and 200 
acres at Calvert were employed. At the same time the headquarters 
and laboratory of the special investigation were established at Vic- 
toria, and such matters as parasites, the possibility of poisoning the 
pest or of destroying it by the use of machines, as well as investigat- 
ing many of the features of its biology that were still absolutely 
unknown, were given careful attention by a specially trained assistant 
whose services were procured for that purpose. The results of the 
field work for this year were published in the form of a Farmers’ 
Bulletin entitled ‘‘ Methods of Controlling the Boll Weevil; Advice 
Based on the Work of 1902;” but on account of the late date of the 
establishment of the laboratory (June), and the consequent incom- 
pleteness of many of the records, it was not thought advisable to 
publish anything concerning the laboratory investigations. During 
this season cooperation was carried on with the Mexican commission 
charged with the investigation of the boll weevil in that country, which 
was arranged on the occasion of a personal visit of Dr. L. O. Howard 
to the City of Mexico in the fall of 1901. Specimens of parasites were 
frequently exchanged, and through the courtesy of Prof. A. L. 
Herrera, chief of the Mexican commission, an agent in charge of the 
investigation in Texas visited the laboratories-at the City of Mexico 
and Cuernavaca, where a study was made of the methods of propa- 
gating parasites, especially Pediculoides ventricosus Newp. A large 
number of specimens of this mite were brought back to Texas, where 
they were carried through the winter successfully and used in field 
experiments the following season. 

The favorable reception by the planters of Texas of the experi- 
mental field work conducted during this season, with the increased 
territory invaded by the pest, brought about an enlarged appropria- 
tion for the work of 1903. By enactment which became effective on 
the 4th of March, $30,000 was placed at the disposal of the Bureau of 
Entomology. Itthus became possible toincrease the number and size 
of our experimental fields as well as to devote more attention to the 
investigation of matters suggested by previous work in the laboratory. 
Seven experimental farms, aggregating 558 acres, were accordingly 
established in as many distinct cotton districts In Texas. Despite 
generally very unfavorable conditions the results of this experimental 
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work demonstrated many important points. The principal ones are 
detailed in Farmers’ Bulletin No. 189 of this Department. 

A general realization of the great damage done by the boll weevil now 
led to the appropriation by Congress of $250,000 for use in enabling 
the Secretary to meet the emergency caused by the ravages of the 
insect in 1904. It thus became possible to again increase the number of 
experimental farms and to pay especial attention to a number of impor- 
tant matters that could not be investigated previously. As was stated 
in the preface, the present bulletin is one of the results of this work. 
The economic results of more immediate importance have been pub- 
lished in farmers’ bulletins and other publications of this Department. 
Farmers’ Bulletin 209 dealt with the possibility of controlling the boll 
weevil in cotton seed and at gins. Farmers’ Bulletin 211 dealt with 
the value of the use of Paris green in an attempt to control the pest, a 
matter which was of very great importance in infested regions during 
the season. Circular No. 56 of the Bureau of Entomology dealt with 
the most important step in controlling the pest, namely, the early 
fall destruction of the stalks. Including the seven editions of Farmers’ 
Bulletin No. 189, which incorporated some of the results of the work 
of the season of 1903, 260,000 copies of these publications were 
issued. 


DESTRUCTIVENESS. 


Various estimates of the loss occasioned to cotton planters by the 
boll weevil have been made. In the nature of the case such estimates 
must be made upon data that is difficult to obtain and in the collec- 
tion of which errors must inevitably occur. There is of course a 
general tendency to exaggerate agricultural losses, as well as to attrib- 
ute to a single factor damage that is the result of a combination of 
many influences. Before the advent of the boll weevil into Texas 
unfavorable weather at planting time, summer droughts, and heavy 
fall rains caused very light crops to be produced. Now, however, the 
tendency is everywhere to attribute all of the shortage to the weevil. 
Nevertheless, the pest is undoubtedly the most serious menace that 
the cotton planters of the South have ever been compelled to face, if 
not, indeed, the most serious danger that ever threatened any agri- 
cultural industry. It was generally considered, until the appearance 
_ of the pest in Texas, that there were no apparent difficulties to prevent 
an increase in cotton production that would keep up to the enlarging 
demand of the world until at least twice the present normal crop of 
about 10,500,000 bales should be produced. Now, however, in the 
Opinion of most authorities, the weevil has made this possibility very 
doubtful, although the first fears, entertained in many localities, that 
the cultivation of cotton would have to be abandoned have generally 
been given up. An especially unfavorable feature of the problem is 
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in the fact that the weevil reached Texas at what would have been, 
from other considerations, the most critical time in the history of the 
production of the staple in the State. The natural fertility of the 


cotton lands had been so great that planters had neglected completely 


such matters as seed selection, varieties, fertilizers, and rotation, that 
must eventually receive consideration in any cotton-producing country. 
In general, the only seed used was from the crop of the preceding 
year, unselected and of absolutely unknown variety, and the use of 
fertilizers had not been practiced at all. Although it is by no means 
true that the fertility of the soil had been exhausted, nevertheless, on 
many of the older plantations in Texas, the continuous planting of 
cotton with a run-down condition of the seed combined to make a 
change necessary in order to continue the industry profitably. 

A careful examination of the statistics, to which more complete ref- 
erence is made in Farmers’ Bulletin No. 189, has indicated that the 
pest causes a reduction in production for a few years after its advent 
of about 50 per cent, but at the same time it is evident that most 
planters within a few years are able to adopt the changes in the sys- 
tem of cultivating this staple that are made necessary by the weevil, 
so that the damage after a short time does not compare with that at 
the beginning. Upon the foregoing basis, during the season of 1903 
the weevil caused Texas cotton planters a loss of about $15,000,000, 
and this estimate agrees rather well with estimates made in other 
ways by the more conservative cotton statisticians. A similar esti- 
mate made in 1902 led to the conclusion that the damage amounted 
to about $10,000,000. It consequently appears that daring the years 
the pest has been in Texas the aggregate damage would reach at least 
$50,000,000. Many conditions of climate and plantation practice in 
the eastern portion of the cotton belt indicate that the weevil problem 
will eventually be as serious east of the Mississippi as it now is in 
Texas. According to the estimates of Mr. Richard H. Edmunds, the 
editor of Manufacturers’ Record, the normal cotton crop of the United 
States represents a value of $500,000,000; the extreme ultimate dam- 
age that the pest might accomplish over the entire belt would be in the 
neighborhood of $250,000,000 annually, provided none of the means 
of avoiding damage that are now coming into common use in Texas 
were adopted. In spite of the general serious outlook, however, it 


must be stated that fears of the damage the weevil may do are very | 


often much exaggerated, especially in newly invaded regions. It is 
not at all necessary to abandon cotton. The work of the Bureau of 
Entomology for several seasons has demonstrated that a erop can be 
grown profitably in spite of the boll weevil, and this experience is 
duplicated by many planters in Texas. 

During the season of 1904 the usual increase in infested territory 
occurred. About 15,000 square miles, representing approximately an 
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area devoted to the cultivation of cotton of 900,000 acres, the normal 
production from which would be in the neighborhood of 350,000 bales, 
became invaded for the first time. This brings up the total infested 
area in the United States at present to about 32 per cent of the total 
cotton acreage. A very conservative estimate of the damage caused 
by the pest, based upon the principles mentioned in the foregoing 
paragraph, is $22,000,000 for the season of 1904, as against about 
$15,000,000 during the preceding season. Many estimates much larger 
than this one have been made. Careful examination, however, reveals 
the fact that many fallacies are connected with such excessive esti- 
mates. There is a general tendency to overestimate the damage by 
insect pests, and to attribute all of the damage in any quarter to insect 
depredations when climatic conditions have been unfavorable. 

In this connection it is of interest to note the present very large 
crop (estimated by the Bureau of Statistics of this Department on 
December 3, 1904, as 12,162,000 bales“), and to refer to the question 
that has been raised as to the reasons for this very large production 
in view of the large territory infested by the pest. The following 
appear to be the principal reasons for the present large production: 

(1) The insect has not yet reached numbers in all its range sufficient 
to appreciably reduce the crop. The accompanying map (fig. 1, p. 25) 
outlines the total area in which any weevils are known to occur. In 
perhaps 10 per cent of the territory thus considered infested only 
isolated colonies occur, and the general production has not yet been 
curtailed. In some of the northern counties of Texas, for instance, 


the production could not have been reduced by the weevil, although | 
the statistics show considerable variation between the several years on’ 


account of changes in acreage and the ravages of other insects, prin-_ 


cipally the bollworm. The following table shows variations in pro- 
duction in some of the counties of north Texas in which the boll weevil 
is not yet numerous enough to appreciably reduce the crop. 


Tas_eE 1.—Cotton production in certain counties in northern Texas, in equivalents of 500- 


pound bales. 


County. 1899. 1900. | 1901. 1902. 1903. .| Average. 


Montague......... Se are A cx 6 15,064 | 34,488] 28,454] 16,981 | 30,172 25, 031 
AR PA ced ce 5 oa ae nn Oe is 16,826 | 21,347] 16,756 | 17,829| 20,307 18, 613 
RIAN ET eee ks eM, Bot 98,584 | 47,870 | 35,911 | 31,284 | 33,815 35, 452 
_ Rs Set ea a ae ere 49,077 | 70,963 | 60,049 | 47,344 | 62,979 58, 082 
7 SERS Io ae ee ae a 11,905} 18,751 | 19,561] 113,012! 20,813 16, 408 


_ (2) Throughout the portion of Texas where the bulk of the crop is 
produced—that is, north of about the latitude of Waco—various condi- 
tions combined to cause an unusually small number of weeviis to 
hibernate successfully during the winter of 1903-4. The principal 
factor in this situation was the very early date of the first killing frost, 


@Census Bul. 19, April 25, 1905, gives crop of 1904 as 13,584,457 bales of 500 pounds. 
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which was about thirty days prior to the average date for the past 
fifteen years. This early frost destroyed a great number of immature 
weevils in the squares and bolls which would otherwise have ges 
through the winter to damage the crop in the spring. 

(3) Ani impor tant factor which has contributed to the production of 
a large crop in the same region has been a lessened degree of damage 
by the bollworm. It has been estimated by Mr. A. L. Quaintance, of 
the Bureau of Entomology, that this pest could not have caused more 
than about half as much damage during 1904 as during the preceding 
season. During the first of these years it was estimated that the dam- 
age would aggregate $5,000,000, as against about $2,500,000 damage 
for the latter year. 

(4) The high price of cotton prior to the time of planting the crop 
of 1904 undoubtedly had the effect OF increasing the acreage consid- 
erably. 

(5) The growing season was unusually favorable. The average of 
the conditions of the growing crop in Texas from May to September, 
inclusive, as published by the Bureau of Statistics, of this Department, | 
was 82 in 1904, as against 72.5 in 1903. The average condition for 
1904 was, in fact, much higher than in even the season of the largest 
crop ever fe produced, namely, 1900, when the average condi- 
tion reported for the months mentioned was 7 7.6. . 

(6) The season of 1904 was exceedingly favorable during the time 
of picking the crop, resulting in an unusually small loss of lint from 
rains. | 

(7) The large amount of work dene by the Department of Agri-~ 
culture and commercial bodies which imported many carloads of 
improved seed, and the more general adoption of approved cultural © 
methods also contributed somewhat to the large crop produced. 

A general idea of the effect of the ravages of the boll weevil in reduc- 
ing the crop in Texas may be obtained from the following table: 


TaBLe II.—Comparison of cotton production and acreage in Texas and Louisiana in 
equivalents of 500-pound bales. 


Texas. Louisiana. 


Year. Seseetes serene ew 
Acreage. Crop. Acreage. Crop. 


eS UI a eRE ADO SAEED Chol Bon dE aOR BCOunmAtioccécothecséc 6,642,309 | 2,609,018 | 1,179,156 700, 352 
NOOO Bs os 2 erie et Ohno slacitiate ae ueisaiee fae e Nee Peer eee 7, 041, 000 3, 438, 386 | 1, 285, 000 705, 767 
ee Aa ee ae Nee eRe sn ARIE 2 a tales 7,745,100 | 2,502,166 | 1, 400, 650 840, 476 
MD es Ss nied wc cone te nielscin aie aie eee sie cincennme cpelsciets ane Sera 8,006,546 | 2,498,013 | 1, 662, 567 882, 073 
MOOS ae 2 aot waetwcne a det sweusisem oe ese ceonseues ao seme ee 8,129,300 | 2,471,081 | 1,709, 200 824, 965 
OOS oe sik a cesices saelcsels ein Su ok Sac RE oe Ee eineceae eee 8, 704, 000 3, 030,433 | 1,940, 000 893, 193 


It will be seen that while the acreage in Texas and Louisiana has 
been increasing at about the same proportion the crop in Texas has 
decreased annually for the past six years (with two exceptions—1900 
and the present year), while the crop in Louisiana has increased annu- 
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ally (with one inconsiderable exception—in 1903). That the boll weevil 
is the cause that has prevented Texas from keeping pace with Louisiana 
will be admitted by all. The exceptional years, 1900 and 1904, in 
which the production in Texas did not decrease, were undoubtedly 
those in which the conditions for the cotton plant were unusually favor- 
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Fig. 1.—Map showing increase of weevil-infested territory between the years 1901 and 1904. ( Original). 


able. Moreover, it is to be noted that in the first of these two years 
the pest had not reached far into the most productive counties. 


TERRITORY AFFECTED. 


At the present time the boll weevil has not been found in the 
United States outside of Texas and Louisiana. The infested territory 
in this country is shown on the accompanying map (fig. 1). In con- 
nection with this figure it should be noted carefully that there is a 
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considerable area within the outside line in which the weevil has not 
yet reached great numbers. ‘ 

At frequent intervals during the season of 1904 accounts have 
appeared regarding the occurrence of the weevil at points far beyond 
the limits of the infested territory as indicated in fig. 1. It seems 
likely that at any time the pest may be carried far outside of the 
present infested territory through the shipment of cotton seed or 
certain other cotton products. In view of this fact the Bureau of 
Entomology has paid especial attention to these reports. Entomolo- 
gists connected with the Bureau have investigated rumors originating 
in parts of Louisiana, Arkansas, and Indian Territory, and through 
cooperation with State and station entomologists the Bureau has also 
received specific information about reports in Georgia, South Caro- 
lina, and elsewhere. Fortunately, 16 has been determined that all 
these reports have been based upon misidentifications of the numerous 
species of insects which are apt to be found in cotton fields. . 

In Texas the infested area extends from Brownsville, where the 
weevil originally entered the State, to Sherman. In Louisiana six of 
the westernmost parishes are known to be generally infested and 
three others have a small number of weevils within their boundaries. 
The cotton acreage involved in this territory amounts to 32 per cent 
of the cotton acreage in the United States, and produced in 1900 about 
37 per cent of the total crop of this country, or over one-fourth of the 
crop of the world for that year. 

There are some features of special interest in the situation in Cuba. 
Although the weevil has long been known to occur in the island, it 
has attracted very little attention on account of the fact that the ant: 
tivation of cotton was abandoned for a long time in favor of crops that 
have been more profitable. Now, however, with the better price of the 
staple and rather unsatisfactory returns from some other. crops, cot- 
ton is being planted upon a considerable scale. Mr. EK. A. Schwarz 
was sent to the island on two occasions to study the conditions there. 
Although his report refers especially to the Province of Santa Clara, 
it is probably true that conditions similar to those he describes obtain 
everywhere. He found that the entire province is naturally more or 
less infested by the boll weevil, and that weevils did not spread from 
cultivated cotton planted with seed obtained in the United States to 
the wild plants, as at first supposed, but from the latter to the former. 
The weevils were found to be more numerous on the kidney cotton 
growing wild than on the loose cotton (seminiella). The latter, when 
growing alone, was usually found to be free from weevils, but likely 
to be infested when growing in the vicinity of kidney cotton. A large 
number of wild cotton trees growing in the vicinity of dwellings or 
growing entirely wild are always infested, and here the weevils are 
more numerous, but never as numerous as on the cultivated Egyptian 
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cotton. At one locality, where a large number of kidney cotton trees 
were growing (about 50 plants, some of them probably 20 years old), 
it was found that at least one out of every twenty squares had been 
punctured by the first week in March. From Mr. Schwarz’s report 
it does not seem that there is a very promising outlook for cotton 
_ raising in Cuba. The presence of wild perennial cotton, upon which 
the weevil probably exists everywhere, will always be a source of 
danger. The long moist seasons and mild winters will form more 
favorable conditions for the pest than will occur anywhere in the 
United States. 

During the season of 1904 Mr. Edward Ferrer conducted, an inter- 
esting experiment in the cultivation of cotton in the Santa Clara 
Province, Cuba, at the suggestion of the Bureau of Entomology. The 
plan of the experiment was to eradicate all of the wild cotton plants 
growing in the vicinity of the place where a field of cotton was to be 
planted. By such eradication some time prior to planting it was sup- 
posed that the weevils would be greatly reduced in numbers. Very 
recently Mr. Ferrer has reported that the results have been exceedingly 
gratifying. He succeeded in obtaining a very profitable crop of cot- 
ton by the means suggested at a place where several previous attempts 
had resulted in failure. 


DISTRIBUTION OF THE BOLL WEEVIL. 


The following list of localities represents the range in distribution 
of this insect so far as it is positively known at the present time: 

United States.—Louisiana: six western parishes of Louisiana wholly 
or partially infested; Texas: all of the principal cotton-growing coun- 
ties in the southern, central, and eastern portions of the State, a few 
border counties along the Red River in the northeastern part of the 
State not yet infested. (See fig. 1, p. 25.) | 

Mexico.—Tamaulipas: Matamoras, Jiminez; Vera Cruz: Vera Cruz,’ 
San Andres Tuxtla; San Luis Potosi: San Bartolo; Coahuila: San Isi-' 
dro, Allende, Monclova; Michoacan: Zamora; Morelos: Cuernavaca.* 

Cuba.—Havana: Havana; Pinar del Rio: San Cristobal, Rangel; 
Santa Clara: Cayamas; Matanzas: Eastern portion, Cardenas. 
 Guatemala.—Alta Vera Paz (Cook); Peten: San José (Champion).: 

Jt has been impossible to verify the rumors which state that the 
boll weevil has been found in Brazil and also in some localities in 
Africa where cotton is grown. It is said that the injury in these 
localities is identical with that of the boll weevil in the United States. 
In the Philippines there has been found a species of weevil which is 
distinct from the Mexican cotton boll weevil, but attacks the cotton 
in a very similar manner. 


- Recently Dr. A. L. Herrera has sent specimens collected at Mazatlan in the State 
of Sinaloa by M. T. Madrigal. 
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PROSPECTS. 


The investigations of the life history of the weevil that are referred 
to in detail in the following pages have indicated that the most impor- 
- tant elements in limiting the spread of an insect—namely, winter tem- 
peratures and parasites—in this case offer no assurance that the pest 
will soon be checked. For the past ten years, except where local 
unfavorable conditions have interfered, it has advanced annually a 
distance of about 50 miles. The insect is undoubtedly changing its 
habits and adapting itself to climatic conditions in new regions that it 
is invading. It is undoubtedly true that it has acquired an ability to 
withstand more severe frosts than occurred in the vicinity of San 
Antonio in 1895. Except in a few particular regions, however, it 
does not seem that the continued spread will be as rapid as it has been. 
The country between Gonzales County and the Red River is practically 
a continuous cotton field, and the prevailing winds have undoubtedly 
favored the northward spread of the insect. Similar conditions will 
now favor a rapid extension into the Red River Valley in Louisiana, 
and likewise there seems no doubt that the spread will be rapid in the 
Yazoo Valley in Mississippi; but in most other situations throughout 
the belt the cotton fields are smaller and more isolated than is the case 
in Texas; consequently it is to be supposed that the a ead of the pest 
will | be FoR somewhat. 

Basing estimates on a careful study of the distance the boll weevil 
has traveled each year, as well as upon some attention that has been 
paid to the means whereby it reaches new territory, referred to more 
in detail hereafter (p. 123), it seems safe to predict that in from fifteen 
to eighteen years the pest will be found throughout the cotton belt. 
During the time it has been in Texas there has been no tendency 
toward dying out; and in south Texas the pest is practically as trou- 
blesome, except in so far as it is affected by changes in managing the 
crop, as it was in 1895. In Mexico, where it has existed for a much 
longer period, it is apparently as plentiful asever. Careful attention 
that has been paid to the study of parasites and diseases, as well as 
temperatures unfavorable to the insect, has failed to reveal any pros- 
pect that it will ever be much less troublesome than now. There 
will, nevertheless, be seasons from time to time in which the damage 
will be much less than normal. Climatic conditions will undoubtedly 
cause temporary diminution of the numbers of the pest in certain 
localities. In Texas these conditions have given rise almost every 
year to the supposition on the part of the planters that the insects 
have died out. This was especially the case in the region between 
San Antonio and Beeville in 1900, and in the vicinity of Corpus 
Christi in 1908. Both these years followed a series of, seasons in 
which there was much less than the normal rainfall; consequently not 
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only had a great many of the weevils been killed, but the numbers 
had been diminished by reason of the very limited extent to which it 
was possible to raise cotton. Both 1900 and 1903, however, were 
exceedingly favorable for cotton. Early planting was possible, and 
there was an abundance of rain throughout the season. The crop 
was so far advanced by the time the weevils became numerous that a 
very fair yield was made, although in neither of the cases was any 
top crop whatever produced. Whenever a series of years of scanty 
rainfall is followed by one of normal precipitation the weevil will . 
_ temporarily be comparatively unimportant. The most disastrous 
seasons will be those in which the rainfall is excessive and planting 
unavoidably thrown late. 

One of the most interesting features of the situation which devel- 
oped during the season of 1904, which will be dealt with more fully 
in the succeeding pages, was the fact that the infested region extended 
eastward much more rapidiy than northward. Careful examination of 
the portions of Indian Territory and Arkansas which the weevil is apt 
to reach first has failed to reveal any infestation; in fact, on the north 
the limitation of the infested territory remains practically the same 
as at the end of the season of 1903. This applies, however, only to 
the total infested area in which even isolated colonies have been found 
to exist. There has been, nevertheless, a gradual northward advance 
of the region of gross infestation. Its advance has extended from 
the latitude of the northern portion of Ellis County to about the 
latitude of the southern portion of Collin County. This situation 
raises the question of whether the pest has not reached a northern 
limit beyond which its spread would be prevented or at least checked 
by climatic conditions. It has been found that there is at least 
one full generation less during the season at Terrell, Tex., than at 
Victoria, Tex., 275 miles farther south. This naturally means a 
greatly lessened degree of damage. The time when the maximum 
number of weevils per acre is produced is made considerably 
later with a consequent manifest advantage to the crop. The 
lessened number of generations is due to three principal factors. 
(1) Later emergence from hibernating quarters; (2) greater time 
required for the development of the several stages; and (3) the 
earlier date of the first killing frost. It was pointed out in a 
previous bulletin (1. e., No. 45) that the considerations just men- 
tioned would probably cause the weevil problem to be much less 
serious in extreme northern Texas and similar localities than 
has been the case in regions that have hitherto been infested. Never- 
theless, it is to be expected that there will be some adaptation on the 
part of the weevil to the climatic conditions in newly-invaded regions, 
and this element introduces considerable risk in any prediction regard- 
ing future damage. From the present outlook, however, it may be 
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stated that, in all probability, the greatest damage by the pest will 
always be in the regions south of the latitude of Dallas, Tex. A 
careful consideration of the matter, based upon what is known regard- . 
ing the life history and habits of the boll weevil, leads to the supposi- 
tion that in the alluvial lands of the southern part of the belt, into 
which the pest is now encroaching, the damage will be greater than in 
any areas which have suffered up to the present time. In Texas, as 
is well known, a reasonably effective method of mitigating the damage 
of the pest has been developed, known as the cultural system. It is 
to be feared that there will be many obstacles in the way of the adap- 
tation of this system to other regions. Of course, the planters in 
other States will have the advantage of learning from the experience 
of planters in Texas; nevertheless, there will undoubtedly be many 
difficulties. The greater rainfall from the Sabine River eastward 
will contribute to the very rapid multiplication of the weevils. In 
Louisiana the rainfall during the growing months of May, June, July, 
and August has been 4.47 inches each. In Texas, for the same 
months, the average monthly precipitation has been only 3.26 inches. 
« In this connection it becomes of some interest to speculate as to the 
possibility that the weevil may eventually be carried outside of the 
United States and gain a foothold in other cotton-producing countries. 
The fact that the insect is rather rapidly adapting itself to conditions 
in the United States that are quite diverse from those of its native home 
leads to the supposition that it would experience but little difficulty in 
adapting itself to climatic conditions wherever cotton may be grown. 
This probability of the spread of the weevil outside of the United 
States is increased by the fact that cotton seed for planting purposes 
is frequently shipped from the United States to various parts of the 
globe, and that within the last few years various conditions have © 
caused especial interest to be displayed in this matter. There is noth- 
ing whatever to prevent weevils that may happen to be sacked with 
cotton seed from being carried long distances on shipboard. In the 
semidormant condition in which they hibernate, they have often been 
known to go longer without food than is ordinarily required for a 
freight shipment from Galveston to Cape Town. Although there are 
no truly cosmopolitan cotton insects, it seems likely that the boll wee- . 
vil may eventually be more widely distributed than any other. 


LIFE HISTORY. 
SUMMARY. 


The egg is deposited by the female weevil in a cavity formed by eat- 
ing into a square or boll. The egg hatches in a few days and the 
footless grub begins to feed, making a larger place for itself as it 
grows. During the course of its growth the larva sheds its skin at 
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least three times, the third molt being at the formation of the pupa, 
which after a few days sheds its skin, whereupon the transformation 
becomes completed. These immature stages require on the average 
between two and three weeks. A further period of feeding equal to 
about one-third of the preceding developmental period is required to 
perfect sexual maturity so that reproduction may begin. 

Variation in size depends directly. upon abundance and condition of 
the food supply. Weevils of average size are about 8 mm. in length, 
one-third as broad as long, and weigh about one-fourth of a grain. 
_ Color varies as widely as does size. It is usually of a gray or yellow- 
brown, and is most markedly yellow in the largest weevils. Sexes 
are produced in practically equal numbers, the males predominating 
slightly. No other food has been found which will attract weevils 
from squares and no plant but cotton upon which they can sustain 
themselves for any considerable length of time. (See Pl. I, fig. 7.) 


THE EGG. 


The egg of the boll weevil is an unfamiliar object even to many who 
are thoroughly familiar with the succeeding stages of the insect. If 
laid upon the exterior of either square or boll it would be fairly con- 
spicuous on account of its pearly white color. Measurements show 
that it is, on the average, about 0.8 mm. long by 0.5 mm. wide. Its 
form is regularly elliptical (Pl. I, fig. 3), but both form and size vary 
somewhat. Some eggs are considerably longer and more slender than 
the average, while others are ovoid in shape. The shape may be 
influenced by varying conditions of pressure in deposition and the 
shape of the cavity in which it is placed. The soft and delicate mem- 
brane forming the outer covering of the egg shows no noticeable 
markings, but is quite tough and allows a considerable change in form. 
Were the eggs deposited externally they would doubtless prove 
attractive to some egg parasite as well as to many predatory insect 
enemies. Furthermore, the density of the membranes would be 
- insufficient to protect the egg from rapid drying or the effects of 
sudden changes in temperature. All these dangers the female weevil 
avoids by placing the eggs deeply within the tissue of the squares or 
bolls upon which she feeds. Asa rule, the cavities which receive eggs 
are especially prepared therefor and not primarily for obtaining food. 
Buried among the immature anthers of a square or on the inner side 
of one carpel of a boll, as they usually are, weevil eggs become very 
inconspicuous objects (Pl. III, fig. 8) and are found only after careful 


search. 
EMBRYONIC DEVELOPMENT. 


- Owing to the transparency of the egg membranes, something of the 
development of the embryo can be seen through them. Special study 
is now being made of the embryology of the weevil. The fully devel- 
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oped embryo completely fills the interior of the egg, its large head 

being in one end and its body curved ventrally upon itself till nearly 

double. Considerable motion is manifested if the egg be touched at 

this period. 
DURATION OF EGG STAGE. 


Concealed as the eggs are beneath several layers of vegetable tissue, 
it is impossible to examine them to ascertain the exact length of the 
egg stage without in some degree interfering with the naturalness of 
the accompanying conditions. The beginning of the stage was easily 
obtained by confining female weevils with uninfested squares. Care- 
ful dissections were then made of the squares at a little later than 
what was found to be the average embryonic period at that season. 
In this way it is believed the range of error was reduced to a fraction 
of a day in most cases, and a large number of observations were made 
to still further reduce the error. 

As shown by Table III, 631 observations have been recorded upon 
this point, the majority of the observations being made in the fall of 
1902. Considering the temperatures prevailing at the four periods 
studied, it appears that the range in development during the average 
season at Victoria, Tex., has been included, and it seems probable 
that from these temperatures as a basis the length of the egg stage 
can be approximately determined for any season and for any locality 
within the present area of infestation. 


Tasie Iil.—Duration of egg stage at certain periods. 


Mean | Average} Average 

temper- | effective | duration 
ature for | temper- of egg 
period. | ature.a stage. 


Number 


Period of examination. of obser- 
vations. 


1902. OF Days. 
September 4 to October = soso) ose ae tee ee oe oe eee eee 81.0 2.5 to 3.0 
October: 7 tosNovemberd3s. JA5 a5 12 Ree ae es ee ane 73.0 4.0 to 4.5 
November 27-to December las yc ian os We eS eee aoe 62.0 11.0 
1903. 
WAVED 7 LO IMG 5 Ase Ree ee oe a ey mie en Sees oy Han eo See nN eee {PBS 8.5 to 4.0 
1904. 
MAPeriments IN 1CePORss. wee tases at cece eee aaa ene 70.0 5.1 
Ota] Sate craic ee ene eRe bn le Ee Se [pi le Oe a eee 63.6 to 4.2 


aIn considering theinfluence of temperature upon the weevils it has been found that with the weevil, ° 
as has been found to be the case with many animals, 43° F. is about the lowest temperature at which 
activity isshown. Temperatures below that point would, therefore, have no influence upon activity, 
while all above that point would. For this reason, it is better to speak of the ‘‘ effective temper- 
ature,’ meaning by that the number of degrees above 48° F. Experiments made upon the influence 
ot temperature upon the activity of weevils indicate that this isan approximately correct figure for 
this insect. 

b Weighted average. 


The extreme range observed in Table III in the duration of this 
stage is from 2 to 15 days, while the average period for the whole 
number of observations is but 3.6 days. Itis possible that the embryo 
can undergo an even greater retardation without losing its vitality. 
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Fig. 7, Collection showing life history and work of boll weevil—reduced to one-half natural diameter (original), 


Bul. 51, Bureau of Entomology, U. S. Dept. of Agriculture. PLATE III. 


DEVELOPMENTAL STAGES IN SQUARES AND BOLLS. 


Fig. 8, Square showing location of two eggs and the cavity formed by a feeding puncture, natural 
size; fig. 9, square showing puncture formed for oviposition with egg deposited outside; figs. 10, 
11, 12, series of views showing transformation from larva to adult which takes place in the 
square on the ground; fig. 13, boll nearly full grown containing two large larve—figs. 9 to 13 
reduced to two-thirds natural diameter (original). 
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Among 34 eges kept for from 9 to 15 days at a temperature of from 

49 to 45° F. none hatched when later removed to a higher temperature. 
It may be noted here that drying of the square will also retard’ 

embryonic development, but this condition does not occur in the field— 


Taste IV.—Range in duration of egg stage. 


Number Duration of| Number |Duration of 
of eggs. egg stage. | of eggs. egg stage. 


- Days. Days. 


2 2 4 5 to 6 
132 -2to8 3 8to 9 
‘0d 3 5 | 10 toll 

2 to 4 15 | 10 to12 
42 3 to 4 4 | 10to13 
ies 4 3 | 13to14 
3 to 5 2 | 13 to 15 
40 4to5 
5 
18 { 4 to 6 


The duration of the egg stage in bolls does not appear to differ 
greatly from that in squares. 


HATCHING. 


While still within the egg the larva can be seen to work its mandi- 
‘bles vigorously, and although a larva has never. been seen in the act: 
of making the rupture which allows it to escape from the egg, it is- 
believed that the rupture is first started by the mandibles. The: 
larvee do not seem to eat the membranes from which they have escaped, 
but owing to the extreme delicacy of the skin it is almost impossible- 
to find any trace of it after the larva has left it and begun feeding on: 
the square, the membranes having been found in only a few cases. 


HATCHING OF EGGS LAID OUTSIDE. 


It occasionally happens that a female is unable to force an egg into» 
the puncture prepared to receive it and the egg is left on the out- 
side of the square or boll (Pl. III, fig. 9). Eggs so placed usually 
shrivel and dry up within a short time. To test the possibility of a- 
larva making its way into a square from the outside, a number were- 
protected from drying. Of the 19 eggs tested, 6 hatched in from 2 to: 
3 days. In no case, however, was the young larva able to make its- 
way into the square and it soon perished. The hatching of eggs laid 
outside is of no importance, since the larve must perish without. 
doing any damage. j 


EATING OF EGGS DEPOSITED OUTSIDE. 


_ The number of eggs left outside increases as the female becomes: 
weakened, and is especially noticeable shortly before her death. Re-- 
peated observations have shown that unfertilized females normally 
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deposit their eggs on the outside, and only occasionally is am infertile 
egg deposited normally, though the attempt is regularly made to-do 
so. The number of such eggs which may be found.is greathy dimin- 
ished by the following peculiar habit, which was observed many times. 
Occasionally it appeared that the puncture which the female had made 
for the reception of an ege was too narrow to receive it, and after a 
‘prolonged attempi to foree it down, the female would withdraw her 
ovipositor, Jeaving the egg at the surface. She would then turn 
immediately and devour the egg. After that, seeming conscious of 
her failure and aware of the. cause of it, she would proceed to find and 
enlarge somewhat the cavity previously made. When this was com- 
pleted she would attempt to: place another egg therein. The second — 
attempt was usually suecessful, but in one or two cases a female was 
seen to fail several times, and in more than half of ape cases aa ate 
the eggs, as has been described. 


PERCENTAGE OF EGGS THAT HATCH. 


Definite records ‘were not kept upon this point, but in the many ~ 
hundreds of eggs followed during these observations very few failed 
_to hatch, though some were much slower in embryonte development 
than were others laid at the same time and by the same female. It is’ 
ze writer’s general impression that, less than 1 per cent of the eggs: 

are infertile or fail to hatch. 


THE LARVA. 
DESCRIPTION. 


The young larva, upon hatching from the egg, is a delicate, white, 
legless grub of about I mm. (,; inch) in Iength. Except for the 
brown head and dark brown mandibles, the young larva is at first as 
inconspicuous as the egg from which it came. As it feeds and grows 
it continues to enlarge a place for itself m the square or boll until 
the food supply has become exhausted or the vegetable tissues are so 
changed as to be unsuitable for food. By this time, as a rule, the 
interior of the square has been almost entirely consumedand the larval 
castings are spread thickly over the walls of the cavity (PL LI, fig. 10). 
This layer becomes firmly compacted by the frequent turning of the 
larva as it nears the end of this stage. Im the cell thus formed occur 
the marked changes from the legless grub to the fully formed and 
perfect beetle (PI. I, figs. 4, 5, and 6). 

Throughout this stage the body of the larva preserves a ventrally- 
curved, crescentic form (Pl. I, fig. 4). The color is white, modified 
somewhat by the dark color of the body contents, which show through 
the thinner, almost transparent, portions of the body wall.. The dor- 
sum is strongly wrinkled or corrugated, while the venter is quite 
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smooth. The ridges on the dorsum appear to be formed largely of fat 
tissue. After becoming full-grown the larva ceases to feed, the 
alimentary canal becomes emptied, and both the color and form of the 
larva are slightly changed. The dark color disappears from the inte- 
rior and is replaced by a creamy tint from the transforming tissues 
within. The ventral area becomes flattened, and the general curve of 
the body is less marked. Swellings may be seen on the sides of the 
thoracic region, and when these are very noticeable, pupation will 


soon take place. | 
GROWTH. 


It is impossible to follow the growth of an individual larva without 
interfering so greatly with its normal conditions of life as to make the 
observations unreliable. It seemed more accurate to measure larvee of 
approximately known ages. In these measurements the natural curve 
of the body was not interfered with, but the measurement taken across 
the tips of the body as curved. In this way it was found that in squares 
during the hot weather the length of the body increases quite regu- 
lariy by about 1 mm.aday. As it becomes cooler the daily growth 
is less. In bolls which grow to maturity the rate of growth is less 
and the length of the growing period is much greater. Full-grown 
larve vary in length from 5 to 10 mm. across the tips of the curve. 
Larvee of normal size in squares average from 6 to7mm. The largest 
larve are developed in bolls which grow to maturity (PI. ILI, fig. 18). 


MOLTS. 


To accommodate the rapid growth of the larva two or three molts 
occur. The period of change from one instar or stage to the next is 
so short that the chances of opening a square at just the right time to 
observe the process are very small indeed. However, it has-been ascer- 
tained beyond question that two molts occur before the larva reaches | 
half its growth. The first occurs at about the second day-and the 
second at about the fourth day. Whether a third molt occurs 
before pupation can not be positively stated; but having occasionally 
found larve which had certainly just molted, but which were much 
_ larger than the usual size at the second molt, the writer is led to sus- 
pect that three larval molts may sometimes, though possibly they do 
not always, occur. In bolls where the length of the larval stage is 
often three or four times as great as that usually passed in squares it 
seems almost certain that more than two larval molts occur regularly. 
- Counting only the first two molts which have been often found, a third 
occurs at the time the larva pupates. 


PROCESS OF MOLTING. 


So little is known in regard to the molting of Curculionide that the 
process as observed is here recorded. In the cases observed, starting 
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at the neck, the skin split along the back, and was then pushed down- 
ward and backward along the venter of the larva. The cast head 
shield remained attached to the rest of the skin. 

Immediately after casting the skin the head, as well as the rest of 
the body of the larva, was of a pearly-white sole: The tips of the 
mandibles first became brown, and within a short time a yellowish 
brown color marked the entire integument of the head. 


DURATION OF LARVAL STAGE. 


Most of the observations upon the larval stage were made between 
September 1 and December 15, 1902. The temperature prevailing 


during the first half of eerie. was as high as is ordinarily experi- — 


enced at Victoria during midsummer, and therefore the extremes of 
the average season may be considered as having been covered. 

The time of egg deposition was easily determined by exposing unin- 
fested squares in breeding cages containing active females. The time 
of hatching of the larva could only be found by opening the square, 
and it was so ascertained. The newly hatched larva was then placed 
in a small cavity made by lifting the covering on the side of a freshly 
picked square and removing one or two of the immature anthers. * The 
coverings were then replaced as carefully as possible. Another: dis- 
turbance was necessary to determine exactly the date of pupation. 
_ Observations made in this way were checked by others using larve 
which were allowed to go from egg deposition to pupation under nat- 
ural conditions and without disturbance until the end of the larval 
stage was appr oximately reached. Since the sum of the times found 
for the various stages agrees approximately with the known duration 
of the immature period in cases where no disturbance of normal con- 
ditions occurred, we may conclude that the periods found for the larval 
stage were approximately correct. 

Altogether 266 observations were recorded upon the duration of 
this stage. The majority of the observations may be included in three 
groups, and when thus grouped they may be best considered in rela- 
tion to the effective temperature. Table V presents a brief summary 
of these groups: 


TABLE V.—General results as to duration of larval stage i squares. 


, atlean, | Avetaes | wamber| Average 
Period of examination. g of obser-|} range of 
tempera- | tempera- vations pie 
ture. ture. ; 8c. 
; 1902. OF: OF Days. 
September Oto WCtwWper's .. isc. ke so. cece eae caee See eee 78.7 35. 7 195 6 to 9 
September 26510 October 2ti. os. is. auc ere 3 ee ele ees ee 73.6 30.6 15 iota: 
November ii to December 12) ...2.:.... socseeeceane eee 62.5 19.5 15 20 to 30 


Tee=-box GxXperimM Ents 25256 aoe caw od oo Sans cece meee ctemeeeae ee H 69.0 26.0 88 11 to 14 
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Fig. 14, Pupal cell broken open, exposing pupa within, enlarged to three diameters; figs. 15, 16, 


side and ventral views of pupa, enlarged to four diameters (original). 


. 17, Four pupal cells from bolls (on left) compared with four cotton seeds (on right)— 
natural size (original). 
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During the heat of summer the larval stage requires approximately 
one week. This time appears to hold so long as the mean average 
temperature remains above 75° F. As the temperature falls below 
that point there is a gradual increase in the duration of this stage. 
The average total effective temperature required during hot weather 
by the larval stage is not far from 280° F. As development becomes 
retarded by colder weather the average total effective temperature 
required to complete it is much greater. 

These facts may be expressed in general by stating that during the 
hottest summer weather the duration of this stage is somewhat less 
than one week. Development becomes slower as the temperature 
falls, but does not cease altogether so long as cotton can live. Even 
moderate frosts do not destroy larve in the squares and bolls, and 
these may finish development during warmer weather after the frost 
has taken place. Hard frosts appear to kill both, larve and pupe in 
squares and bolls. 

The duration of the larval stage in bolls is as a rule much greater. 
If the boll falls when small the increase is slight, but if an infested 
boll grows on to maturity the larval stage more than any other is 
much extended. Special observations upon the larval stage in bolls 
have not been made, but reckoning from the known duration of the 
whole developmental period in maturing bolls we may conclude that 
the larval stage may frequently extend over six or seven weeks. 


PUPAL CELLS IN BOLLS. 


As the boll approaches maturity, the full-grown larva ceases to feed 
upon the drying and hardening tissues of seed and fiber. Its excre- 
ment, more or less mixed with lint, becomes firmly compacted, and in 
the drying which occurs the mass forms a cell of considerable firm- 
ness, within which pupation and the subsequent transformation to the 
adult take place (PI. LV, fig. 14). These pupal cells frequently include 
a portion of the hull of a seed, but the writer has never found a large 
larva or a pupa entirely inclosed within a single cotton seed. The 
cells described are shorter and thicker than seeds, but in general 
appearance there is considerable resemblance between them (PI. IV, 
fig. 17). Doubtless these cells have misled some into the statement 
that they have found weevils 1 in cotton seeds. 

PUPATION. 
- The formation of the adult appendages has gone a good way before 
the last larval skin is cast. The wing pads appear to be nearly half 
their ultimate size. The formation of the legs is also distinctly 
marked, and the old head shield appears to be pushed down upon the 
ventral side of the thorax by the gradual elongation of the developing 
proboscis. Finally the tension becomes so great that the tightly 
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stretched skin is ruptured over the vertex of the head, and it is then 


gradually cast off, revealing the delicate white pupa. The cast skin 
frequently remains for some time attached to the tip of the abdomen. 


THE -PUPA. 


When this stage is first entered the insect is a very delicate object 
both in appearance and in reality. Its color is either pearly or cream 
white. The sheaths for the adult appendages are fully formed at the 


beginning of the stage and no subsequent changes are apparent except 


in color (Pl. IV, figs. 15 and 16). The eyes first become black, then 
the proboscis, elytra, and femora become brownish and darker than 
the other parts. ) 

The final molt requires about thirty minutes. The skin splits open 
over the front of the head and slips down along the proboscis and 
back over the prothorax. The skin clings to the antenne and the tip 
of the proboscis till after the dorsum has been uncovered and the legs 
kicked free. ‘Then by violently pulling upon the skin with the fore 
legs first the tip of the snout and then the antenne are freed, and 
finally the shrunken and crumpled old — is kicked off the < of 
the abdomen by the hind legs. 


DURATION OF PUPAL STAGE, 


The duration of this stage is more easily determined than that of any 


other. It seemed to make ‘little difference in the time whether the ~ 


pupe were allowed to remain in the squares or were removed there- 


from. Considerable variation in the duration of this stage exists — 


among individuals of the same generation and even between offspring 
of the same female and from eggs laid on the same day. The period! 
of investigation ranged from July to December, so that the extremes of 
the season are included. Altogether 530 Oe were made. 
upon this point. Nearly all of these are included in Table V1, which’ 
shows a summary of the results. 


TasLe VI.—Tabular arrangement of observations upon the duration of pupal stage in 


squares. 
Range in "Average Total ef- 
Number Soh Average 
Period of examination. of obser- duration duration efernye | aa 
aS of pupal Be ey rene tempera- 
‘| stage. § | 1 ure.’ | ture. 2 
1902 
UU O4bOVL 310 Seewra aera cs eo eee ae eae Se EN eee 161 21045 3.0 39. 65 138.8 
Seplemiber 15 to October 3). 2 occcc anes enwe> one canes 81 31022 5. 2 36. 05 187.5 
Sepremiper 24 'to-October 28... 2 foe. 6 2. so eee 167 4to 8 6.0 51 | 186.1 
Neyeniner2 to 03 so a ee ee ee 29 5 to 6 5.6 26.2 146.7 
Werenper 2 TO 20S. c ose. chee cae meee ects ese ene oe 4 10 to 16 14.5 18. 55 269.0 
1904 
3 q 
PA VETIMENTS IM 1AVWUR o.2 cone ae Sct ae aoe eee cio} | Say a atins 7.5 26.0 195.0 
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It should be noted in connection with Table VI that the observations 
in November, 1902, were made during a period of rather warm weather 
and that the temperature records for that time are incomplete. It is 
likely that the average effective temperature given for that period 
might be different were the records complete. 

The average duration of this period during hot weather is from 
three to four days, and as the cool fall weather approaches the period 
increases to a maximum of about fifteen days. 

A comparison of Tables III, IV, and V shows that the decrease in 
temperature affects each stage in very nearly the same proportion. 
In each case the maximum recorded duration of any stage is about four 
times its minimum, and the great retardation in each case occurs 
somewhere between 60° and 70° F. of mean average temperature, or 
17° to 27° F. of effective temperature. Even greater retardation 
oecurs during the winter season without killing = weevil after the 
larva has ean half grown. 

‘The duration of the pupal stage in large bolls has not been deter- 
mined. It appears to be longer than in squares, but it certainly can 
not occupy the same proportional part of the entire developmental 
period that it does in squares. ) 


THE ADULT. 
BEFORE EMERGENCE. 


Immediately after its transformation from the pupa the adult is very 
light in color and comparatively soft and helpless. The proboscis is 
darkest in color, being of a yellowish brown; the pronotum, tibie, 
and tips of the elytra come next in depth of coloring. The elytra are 
pale yellowish, as are also the femora. The mouth parts, claws, and 
the teeth upon the inner side of the fore femora are nearly black. 
The body is soft, and the young adult is unable to travel (Pl. III, 
fig. 12), consequently this period is passed where pupation occurs. 
Usually two or more days are required to attain the normal coloring 
and the necessary degree of hardness to enable the adult to make its 
escape from the square or cell. | 


EMERGENCE. 


_ The normal method of escape from squares and small bolls is by 

cutting with its mandibles a hole just the size of the weevil’s body 
_ (Pl. V, fig. 20). In large bolls the escape of the weevil is greatly 
facilitated by the natural opening of the boll (Pl. V, fig. 19). Often 
the pupal cell is broken open by the spreading of the carpels, and 
when this is the case the pupa, if it has not already transformed, 
becomes exposed to the attack of enemies or, what is probably a more 
serious menace, the danger of drying so as to seriously interfere with 
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a successful transformation. - If the cell remains unbroken the weevil — 
always escapes by the path of least resistance, cutting its way through | 
as in the case of a square (PI. V, fig. 21). The material removed does 
not appear to be eaten, but is ae cast aside and left within the cell . 


as a mass of fine WG e 


CHANGES AFTER EMERGENCE. 


At the time of emergence the weevils are comparatively soft, and — 


they do not attain their final degree of hardness for some time tee 


they have begun to feed. If ues never feed they never harden. 


The color of the chitin is of an orange tinge at the time the weevils 
leave the squares or bolls, but after exposure for some time it turns 


to a dark chocolate brgwn. The development of the hair-like scales 


is probably entirely checked by the drying of the chitin, but the 
darkening of the ground color makes the scales more apparent, and 
thus gives the impression of further development after emergence has 
taken place. 


DESCRIPTION OF ADULT.@ | 


The general outlines of the body of the weevil are shown in Plate I, 
figures 1, 2, and 6. The color varies from a reddish-brown, in 
weevils which have just become adult and left the squares, to a dark 
gray-brown, in weevils which have been exposed to the air for some 
time. Weevils which have developed in bolls are. usually more yel- 


@The following technical description of this species is taken from the Revision of 
Genera and Species of Anthonomini Inhabiting North America, by Dietz, in Trans- 
actions of American Entomological Society, Vol. X VIII, p. 205. 

Anthonomus grandis Boh.—Stout, subovate, rufo-piceous and clothed with coarse, 
pale-yellowish pubescence. Beak long, slender, shining, and sparsely pubescent at 
the base; striate from base to the middle, strie rather coarsely punctured; apical 
half finely and remotely punctured. Antenne slender, second joint of funicle longer 
than the third; joints 3-7 equal in length, but becoming gradually wider. Head 
conical, pubescent, coarsely but remotely punctured, front foveate. Eyes moder- 
ately convex, posterior margin not free. Prothorax one-half wider than long; base 
feebly bisinuate, posterior angles rectangular; sides almost straight from base to mid- 
dle, strongly rounded in front; apex constricted and transversely impressed behind 
the anterior margin; surface moderately convex, densely and subconfluently punc- 
tured; punctures irregular in size, coarser about the sides; pubescence more dense 
along the median line and on the sides. Elytra oblong, scarcely wider at the base 
than the prothorax; sides subparallel for two-thirds their length, thence gradually 
narrowed to and separately rounded at the apex, leaving the pygidium moderately 
exposed; strizee deep, punctures large and approximate; interstices convex, rugulose, 
pubescence somewhat condensed in spots. Legs rather stout, femora clavate, ante- 
rior strongly bidentate, inner tooth long and strong, outer one. acutely triangular 
and connected with the former at the base; middle and posterior thighs unidentate. 
Tibize moderately stout, anterior bisinuate internally, posterior straight; tarsi moder- 
ate, claws broad, blackish, and rather widely oe tooth almost as long as claw. 
Long. 5-5.5 mm.; 0.20-0.22 inch. 
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WEEVILS ESCAPING FROM SQUARE AND BOLL. 


Fig. 18, Weevil in act of emerging from square; fig. 19, weevil in act of emerging from boll, 
tagged record attached; fig. 20, square showing emergence hole of weevil; fig. 21, unopened 
boll showing emergence hole of weevil; fig. 22, convenient cage used in breeding weevils 
in the laboratory; fig. 23, weevils feeding extensively on medium-sized boll—all except fig. 
22 reduced to two-thirds natural diameter; fig. 22 reduced to one-third diameter (original). 
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lowish in color than those from squares. The length, including the 
snout extended, ranges from one-eighth to three-eighths of an inch, 
with the breadth of the body equal to about one-third of its length. 
The snout is about one-half as long as the remainder of the body. Its 
diameter is equal to about one-eighth of its length. It is but slightly 
curved (see PI. I, fig. 2) and is of a shiny dark-brown color. The 
antenne, or ‘‘ feelers,” are attached to the snout slightly nearer to its 
tip than to the base. The head is small and conical in shape and partly 
covered by the following segment. This segment, the prothorax, is 
about two-thirds as long as itis wide. The scales upon it are most 
_ numerous along the middle of the back and upon the sides. The sides 
thr ough the middle half of the body are approximately parallel. The 
back is coarsely punctate, and the entire body is more or less thickly 
covered with hair-like yellow scales. These scales may become rubbed 
off, leaving the dark-brown color of the body more apparent. The 
oe are rather stout, the femur being club shaped, and bearing on the 
inner side at the ace part a stout tooth. The fore pair alone have 
two of these teeth. (See Pl. X, figs. 40 and 41.) 

The size, shape of the body, color, and two teeth upon the forelegs 
are sufficient characters by which to separate, as a. general rule, this 
species from the others commonly mistaken for it. (See p. 64, Pls.. 
X, XI, and XII, figs. 40 to 57.) es 


SIZE OF WEEVILS. 


Size of boll weevils is an especially variable quantity, and, as usual, 
varies almost directly in proportion to the abundance of the larval 
food supply and the length of the period of larval development. The 
extremes are so great that the smallest and largest weevils would be 
thought by one not thoroughly familiar with them to be of entirely 
different species. So far as dimensions may convey an idea of the 
size, we may say that the weevils range from 3 to 8 mm. (4 to } inch) 
in rae including the proboscis extended, and from 1 to 3 mm. (gs 
to 4 inch) in breadth at the middle of the body. (See Pl. I, fig. 1.) 


RELATION OF SIZE TO FOOD SUPPLY. 


The smallest weevils are developed from squares which were very 
small, and which, for some reason, either of plant condition or of 
additional weevil injury, fell very soon after the egg was deposited. 
The supply of food was not only small, but also, owing to the imma- 
turity of the pollen sacs, its quality was poor. Normally squares con- 
tinue to grow for a week or more after eggs are deposited in them, and 
such squares produce the weevils of average size and color. 

The largest weevils are produced in bolls which grow to Pec 
In them the food supply is most abundant, and the period of larval 
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development is several times as long as it is in squares. Possibly 


these differences in size may be better shown by a summary of % 


observations which were made upon the weight of adults. 
WEIGHT OF ADULTS. 


The weevils used in these experiments were bred to insure their 
coming from the proper source. After emergence they were fed for 
some time to bring them up to their normal weight. 


Taste VII.—Summary of weight of weevils. 


: Average — 
Source Bf weevils. Number. | eight. 

: Grain. 

Bred from pickedrsmia li squares. teem aco haste aay sueeeien vip kes ceeeeeae cic ae cee 0,105 
Bred fromvaverage fallen:squiaves. i 2 gone aie ken 5 4 = ore Sa eas crore ar leh oe ete 68 . 231 
Bred: fromplaree DOUS soso dees ee a wd ee icles oe ls ee See ieee" . 268 
Rota x apotheke s Seco a a ee ee es Ue ee 162 36. 825 
Average weight per weeyll all sources’. 2225. 2.26. 5. aes ce eee ose Poe eee eee Bf 


It should be noted that these figures do not nearly represent the 
weight of the extremes in size, but they do indicate the difference in 
the average weevil of each class. 


COLOR. 


Color is very often a variable character in insects, and the boll 
weevil presents considerable range in this respect.» Whatever influ- 
ences the size of the larva affects directly the size of the adult, and it 
is noticeable that weevils of the same size are also, as a rule, closely 
alike in color. In general, the smaller the size of the weevil the 
darker brown is its color; the largest weevils are light yellowish 
brown. Between these two extremes are the majority of average- 
sized weevils, which are either of a gray-brown or dark yellow-brown 
color. Weevils developing in large bolls, having an abundant food 
supply and a developmental period averaging more than twice that 
of weevils in squares, are larger in size and more yelowish in color 
than are those from squares. | 

The principal reason for the variation in color lies in the degree of 
development of the minute hair-like scales, which are much more 


prominently developed in the large than in the small specimens, 


although the color of old specimens is often changed by the rubbing 
off of the scales. The scales are yellow in color, while the ground 
color of the chitin bearing them is a dark brown or reddish brown. 
When the scales are but slightly developed, as seems to be the case 
with small weevils produced from underfed larvee, the dark-brown 
ground color is predominant, while in the case of large weevils pro- 
duced from larve having abundant food-and a long period of devel- 
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opment the scales are largely produced and give the strong yellow 
tone to the color which is characteristic of them. 

The development of the scales appears to take place mostly after 
the adult weevil has become quite dark in color but before it becomes 
fully hardened. They seem, therefore, to be a sort of nonessential 
aftergrowth which depends upon the surplus food supply remaining 
after the development of the essential parts of the weevil structure. 


SIZE AND COLOR NOT INDICATIVE OF SEX. 


Eminent coleopterists have studied the boll weevil most carefully 
with the purpose of discovering some external character by which the 
sexes could be distinguished, but all have failed to find any reliable 
points of distinction. The writer therefore does not hesitate to own 
that he also has failed to find any reliable character for the distinction 
of the sexes. Many persons have the idea that the small dark weevils 
are males and the larger and lighter-colored brownish-yellow weevils 
are females. This idea is a mistaken one. Im general it is probably 
true that the males are slightly smaller than the females, but judging 
from determinations of the sex of many hundreds of weevils, it may 
be stated positively that size and color are characters which are 
related to food supply and length of the period of dev elopment and 
are not indications of sex. The sexes seem to be about equally rep- 
resented among the smallest as well as the largest weevils. 


SECONDARY SEXUAL CHARACTERS. 


Characters commonly used to separate the sexes in the family Cur- 
culionide are not always distinctive in this species. As a rule the 
antennz are inserted nearer the tip of the snout in the male than in 
the female. This character is variable among boll weevils; and though 
a large number of accurate measurements might show that a slight 
difference generally exists, it is too inconspicuous a character to be of 
general use. With most species the top of the rostrum of the male is 
rougher than is that of the female. However it may be with other 
species, there is but little if any difference in this respect between the 
young adults of the boll weevil. “As the individuals become older 
the greater activity of the females serves to wear the roughness from 
the top of the rostrum, and thus gradually, as a result of different 
habits, this character becomes more distinctive. In less than half of 
the boll weevils, however, is this character sufficiently noticeable to 
separate the sexes. The terminal segment of the abdomen shows no 
external difference in either sex, phat in many weevils portant 
characters are there. found. - 


PROPORTIONS OF THE SEXES. 


No reliable secondary sexual characters having as yet been discov- 
ered, the certain determination of sex therefore rests solely upon the 
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primary characters, thus requiring a certain amount of dissection in 
each case. Such determinations have been made upon large numbers 
of weevils taken in the field and upon many bred in the laboratory at 


various seasons of the year. The results are briefly summarized in 


Table VIII: 
Taste VIII.—Proportions of the sexes. 


Number yard 


males. females. 


Season: of 1902; both; brediand ‘from field. i... 5 «44a sea. «nose sce ee 
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Hibernated weevils, QOD HS xi. cram Pais. ob atche erate Sitonc ee aria er aia re eins a ernie aoe eae ee 174 

First generation, LOQS > 27k ok hc walk Gos el ae Roel ge ae ae 32 

Bred Weevils, 19054 fo oes soe cduamue dios eee hese cae es ec eae Cae eae ae 33 

Field weevils, midsummer, 1903 cc ooo. asaeee aes ee Sot eee aE oe ee eee aes 59 

Weevils taken in hibernation, January to! Marek. 904 3.262 asec eee eerie 159 
Weevils collected before hibernation, 1903, and after emergence from hiberne- 

TIONS W904 see oes, Sone oia een heiataro wise ore eaioie Ss toieia os ie te aren eiere ete oa ote etnies Ree eee 338 

Total icf nonce fot ea bes ee ee ee a 1, 055 

= 2s x f 


From these 2,504 determinations it appears that males are some- 


what more numerous than females, the percentage being nearly 58 of 
males to 42 of females. It is noticeable, however, that the only 
season at which a preponderance of males occurs is during late fall. 


If we exclude the figures for hibernated weevils for a moment, we find 
that the totals for the balance of the season are remarkably ene for 

the two sexes, being 380 males and 384 females. It seems safe to say, 
therefore, that the sexes are practically equal in numbers except that 


more eles than females seem to be found among hibernating weevils. 
It-has been shown by breeding experiments conducted at low tempera- 
tures that the retardation of development, such as is due to approach- 
ing cold weather, favors the development of males. Not only was 
there a larger ae of males than of females taken in December, 
1902, but there were also more males than females taken in.the field in 
the spring of 1903 among the hibernated weevils which lived through 
the winter. According to the determinations made, 64 per cent of the 
259 weevils dying during the winter were males and 56 per cent of the 
weevils living through the winter were also males. Considering only 
weevils taken during or near hibérnation time, it seems that during 
that period over 61 per cent are males and 39 per cent are females. 


Since it appears that females require fertilization in the spring before © 


they begin to deposit eggs, the preponderance of males at that time 
acts as a provision to insure the propagation of the species. 


DURATION OF LIFE UPON SQUARES. 


The observations made along this line may be divided into eight 
groups, each dealing with some special food condition or class of 
weevils. For the confinement of weevils in the laboratory the most 


satisfactory apparatus tried, both for convenience in handling and for 
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the maintenance of favorable conditions for the weevil, was made up 
as follows: A 4 or 5-inch shallow earthen saucer, such as is used with 
flowerpots, was filled with soil, which was kept fairly moist. Over 
this was placed a fresh cotton leaf, which conserved the moisture from 
the soil, but never became wet, and kept both weevils and squares 
clean, besides facilitating the handling necessary to frequent renew- 
als of the food supply and the consequent transference of the weevils. 
The rest of the cage was formed by an ordinary lantern globe covered’ 
at the top by cheese cloth held firmly in place by arubber band. With 

this apparatus weevils could be readily observed without disturbing 
_ them, and food supplied was kept in good condition and could be 
easily renewed, while there were no cracks to hide in or to allow . 
weevils to escape (Pl. V, fig. 22). The moisture of the soil and fresh 
leaf covers were renewed as needed. Clean squares were supplied 
each day, and the actual number of ego and feeding punctures recorded 
upon numbered slips kept with each cage. The sex of each weevil 
was also determined and noted upon its death, thus giving an accurate 
record of the number and sex of weevils responsible for the punctures 
recorded. Most of the weevils used were bred, so that the exact 
period of their lives is known. Duration of life refers only to adult 
life from the time of emergence from the square or boll to the death 
cf the weevil. Many weevils brought in from the field were under 
observation in the laboratory for periods sufficiently long to justify 
the inclusion of the results obtained from them with those of weevils. 
which were bred. Obviously the time these were under observation 
does not represent their true length of life; therefore the inclusion of 
both results renders the averages obtained the more conservative. 


TaBLeE 1X.—Duration of life of weevils upon squares. 


Males. Females. 
+ Average | Average 
Number. days. Number. days 
Weevils placed in hibernation Dec. 15, 1992; living Apr. 15, 

ROS. Be cin een rip PN attain Soy a ee oe eRe 23 180 14 171 
Hibernated weevils taken spring, 1903; estimated adult Dec. : 

PU Se ae see 66 223 53 220 
Hibernated weevils, from time of feeding in 1903 ............ { ra a a Be 
Pieter Ont ;DTEGss So sass Same s tne Mee ie we eee 30 58 25 56 
BEA eMeTALION, ECO 222 0. nt sec oo. ote aon nae oon 18 43 10 54 
Fifth generation, bred.............- re eg dca Be 9 76 9 54 
Totals and weighted averages, including hibernation period. 146 151 lil 148 
Totals and weighted averages, not including hibernation 

D Ee ve isc Se ct i ee Se ee 147 71 112 64 
Entire duration of life, hibernated weevils only.............. 89 212. 67 210 


Whether we include the time of hibernation or not, it appears from 
the averages of 156 hibernated weevils that those which winter suc- 
cessfully are longer lived than any following generation, as their active 
life in spring averaged fully 80 days for males and 70 for females. 
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Probably the greater activity of the first generation may account for 
their somewhat shorter life. The average active life period for all 


generations is probably not far from 71 days for males and 64 days: 
for females. ) 
DURATION OF LIFE ON BOLLS ALONE. 


As weevils appear to feed freely on bolls in the field after the period 
of maximum infestation has been reached (PI. V, fig. 23), these tests 
were made to determine whether they pa be oer to live normally 
with no other food. 

A number of weevils were placed upon bolls as soon as they becoul 
adult. Others which had first been fed upon squares were given bolls 
‘after they had become hard and had shown themselves to be in a nor- 
mally healthy condition. Of the total 37 weevils thus tested, 16 were 
males and 21 were females. The males showed an average duration of 
life of 19.7 days, while the females survived for only 15.2 days. This 
is a much shorter period than the normal period of life upon squares 
for either sex. There are also indications that the production of eggs 
does not continue normally when bolls alone are accessible for food. 


DURATION OF LIFE ON COTTON LEAVES ALONE. 


To determine whether they could live upon the foliage of cotton 
alone 69 newly transformed weevils were at the Ist of October, 1902, 
placed upon fresh leaves, which were renewed at frequent Beas 
During the first three ae 52 of these weevils (21 male and 31 female) 
died, leaving 17 alive and well; 11 of these were then returned to 
squares and 6 continued upon the leaves. Of these 6, 3 lived to be 
81 days old and were then intentionally killed for dissection. The 
average duration of life of those kept entirely upon leaves was over 
30 days. 

‘-. In another test 310 weevils were placed upon leaves alone during 
October, 1904. Seventy-four per cent of these died in less than 10 
days, while 7.4 per cent lived for an average of over 38.3 days, when 
they were placed in hibernation. Ina ae experiment on 42 wee- 
vils, 43 per cent died in less than 5 days, and 24 per cent lived for an 
average of 36 days. As in the pinceding experiment, a large propor- 
tion died within a few days. Among those surviving the first ¢ritical 
period, 31 per cent of those on foliage lived to an average age of 38.3 
days, and 42 per cent of those on squares lived to an average age of 
85.9 days. It appears, therefore, that leaves alone are very efficient in 
sustaining life late in the fall, as well as early in the spring (see p. 54). 
These results show clearly the ability of many of the weevils to live 
upon foliage alone in the fields in which fall grazing is practiced until 


it becomes sufficiently cold for them to go into winter quarters (see 


Pl. VI, fig. 24). 


Ee — 
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DURATION OF LIFE WITH, SWEETENED WATER AND WITH MOLASSES. 


So much has been said about the attraction of molasses for the 
weevils that tests were made with a cheap grade of molasses diluted 
with from 20 to 25 parts of water to see whether this solution really 
served them as food. The weevils used were just adult and had taken 
no other food. They fed quite readily upon the solution, remaining 
quietly with their snouts in the water for from a few res hee to an 
hour and a half at atime. The solution did not seem to draw them 
from any distance, but as soon as a weevil came to it, it would stop to 
drink. Feeding or drinking took place daily or oftener until the 
death of the weevils. The average duration of life for the 12 weevils 
used. was a little less than 6 days. 

As weevils without food but with water lived an average of 54 days, 
the conclusion is that a solution of molasses 1 to water 25 parts does 
not serve the weevil as food, since it does not noticeably prolong life. 

Six weevils just emerged kept upon undiluted molasses showed a 
greater period of life, these dying at an average age of 11% days.. 


DURATION OF LIFE WITHOUT FOOD, BUT WITH WATER. 


These observations were made during: August as a eheck upon those 
without water. The 8 weevils used were just adult and had never 
fed. Hach weevil drank for one or two minutes at least once each. 
day so lone as. it liwed. All died at nearly the same time, having 
lived for an average of about 5} days. As those without water lived. 
an average of 5 days, it appears that access to water in the absence 
of food does. not materially prelong the life of the starving weevils. 


DURATION OF LIFE WITHOUT FOOD OR WATER. 


Three series of observations were made along this line. In the first 
series the weevils used were taken immediately after emergence and 
never allowed to feed. Fifty weevils were. tested in this way during 
July and August and showed an average period of life of 5 days from 
the date of emergence. A few lived as long as 8 or 9 days. These 
never acquired as dark a color nor as great a degree of hardness as 
is normal. 

In the: second series the 15 weevils used were 7 weeks old and full 
fed at the time of beginning the test. These showed an average dura- 
tion of life of slightly over 6 days, the range being from 5 to 9 days. 
Phese weevils were tested during the latter half of November, and the 
lateness of the season, together with the full-fed condition of the 
weevils, seemed to promise a considerably longer period than 6 days. 

In the third series the 18, weevils used were 1 month old and full-fed 
at the beginning of the test in the middle of November. The condi- 
tions in this series were as in the series preceding, with the exception 
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that an abundance of two species of grass taken from cotton fields was 
included. These weevils showed an average duration of life of nearly 
74 days, ranging from 3 to 10 days. The weevils made no effort to 
feed upon the grass, so the ba longer life period must be due to 
other causes. 


CANNIBALISM. 


It is hardly proper to speak of cannibalism as a food habit of the 
boll weevil, but the facts observed may well be recorded here. Under 
the impulse of extreme hunger weevils have several times showed a 
slight cannibalistic tendency. ae 

Seven beetles were confined in a pill box without food. On the: 
third day 6 only were alive. Of the seventh only the hardest chitin- 
ized parts (head, proboscis, pronotum, legs, and elytra) remained, the 
softer parts having been eaten by the survivors. 

In another box containing 12 adults the leaf supplied for food was 
insufficient, and on the fourth day 8 were dead, 4 were partly eaten, 
and others had lost one or more legs each. 

In another case a few young ada and a number of squares con- — 
taining pupe were placed in a box together with a few fresh squares 
to serve as food for oe adults. When the box was opened after a 
number of days, one ‘‘reddish-brown” adult was found having its 3 
elytra eaten through and most of its abdomen devoured. In spite of 
‘this mutilation the victim was still alive and kicking slowly. ‘The | 
squares were still fresh and fit for food, so that this is really the 
clearest case of cannibalism observed. 

Fr equently more than one larva hatches in a square, atl when this 
is the case a struggle between them is almost certain to take place 
before they become full grown. Many cases have been observed in 
which squares contained one living and one or more:smaller dead 
larve, while in a few cases the actual death struggle was observed. 


fod 


FOOD HABITS. 


Among the habits of any insect of economic importance, the first 
for careful study are those relating to its food, and the second, those 
connected with its propagation. The study of the life historyf the: 
boll weevil has revealed no especially. vulnerable point, but rather the 
important fact that in all its stages it is better protected against the 
attacks of enemies and the ordinarily effective remedies recommended 
by the economic entomologist than any other insect which has ever 
threatened the production of any of the great staple crops of this 
country. Naturally, then, we must needs turn toa study of the habits 
of the pest to point the way to means by which either it may be itself 
destroyed or its great destructiveness prevented. 


Bul. 51, Bureau of Entomology, U. S. Dept. of Agriculture. PLATE VI. 


VARIOUS RESULTS OF LARVAL WORK. 


Fig. 24, Leaf fed on extensively by weevils in confinement; fig. 25, full-grown larva in square 

ady to bloom; fig. 26, full-grown larva in square of usual size; fig. 27, larva full grown, 

Ovary in square entirely destroyed: fig. 28, larva full grown, ovary untouched—all reduced 
to two-thirds natural diameter (original). 


PLATE VII. 


Bul. 51, Bureau of Entomology, U. S. Dept. of Agriculture. 


VARIOUS EFFECTS OF WEEViL ATTACK. 


Fig. 29, Boll showing two locks destroyed by one larva; fig. 30, weevil in act of forming an egg 
puncture; fig. 31, square riddled by feeding punctures: fig 32, bloom distorted by many feeding 
punctures made when about to open, fig 33, comparison of flared square with normal square— 

- all reduced to two-thirds natural diameter (original). 
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LARVAL. 


It is plainly the intention of the mother weevil to deposit her egg so 
that the larva upon hatching will find itself surrounded by an abun- 
dance of favorable food. In the great majority of cases this food con- 
sists principally of immature pollen. This is the first food of the 
larva, which develops in a square, and it must be both delicate and 
nutritious. Often a larva will eat its way entirely around the inside 
of a square in its pursuit of this food. In most cases the larva is about: 
half grown before it feeds to any extent upon the other portions of 
the square. It may then take the pistil and the central portion of the 
ovary, scooping out a smoothly rounded cavity for the accommoda- 
tion of its rapidly increasing bulk (PI. I, fig. 4; Pl. LI, fig. 10; Pl. 
VI, fig. 25). So rapidly does the larva feed and grow that in rather 
less than a week it has devoured two or three times the bulk of its 
own body when fully grown. It sometimes happens that the square 
is large when the egg is deposited therein, and the bloom begins to 
open before the injury done by the larva becomes sufficient to arrest 
its development. In many cases of this kind the larva works its way 
up into the corolla and falls with it when it is shed, leaving the young 
boll quite untouched (PI. VI, fig. 27). Occasionally the flower opens 
and fertilization is accomplished before any injury is done the pistil, 
and in rare cases a perfect boll results from a truly infested square. 
Sometimes the larva, when small, works its way down into the ovary 
before the bloom falls, and in such cases the small boll falls as would 
a square. 

In large bolls the larve feed principally upon the seed and, to some 
extent, upon the immature fiber. A larva will usually destroy but 
one lock in a boll, though two are sometimes injured (Pl. VII, fig. 29). 
When the infestation is severe a number of weevils, occasionally as 
many as six or even more, may be developed in a single boll, which is 
completely destroyed by the feeding of the larve. 


ADULT. 


Before escaping from the square the adult empties its alimentary 
canal of the white material remaining therein after the transforma- 
tion. The material removed in making an exit from the cell is not 
used as food, but is cast aside. Weevils are ready to begin feeding 

very soon after they escape from the squares or bolls in which the 
_ previous stages have been passed. For several days thereafter both 
sexes feed almost continuously, and seem to have no other purpose in 
life. They will take squares, bolls, or leaves, but they much prefer 
the squares, and when squares are present in the field it is probable 
that leaves are seldom touched. As has been shown, however, weevils 
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can live for a long time upon leaves alone when squares and bolls are 
wanting. Bolls are only slightly attacked so long as there is an 
abundance of clean squares. | 

The method of feeding is alike in both sexes. The mouth parts 
are very flexibly attached at the tip of the snout (fig. 2) and are 
capable of a wide range of movement. The head fits smoothly into 
the prothorax like the ball into a socket joint and is capable of a con- 
siderable angle of rotation. The proboscis itself is used as a lever in 
prying, and helps to enlarge the puncture through the floral envelopes 
especially. Feeding is accomplished by a combination of movements. 
The sharply toothed mandibles serve to cut and tear, while the rota- 
tion of the head gives the cutting parts an auger-like action, The 
forelegs especially take a very firm hold upon the square and help 
to bring a strong pressure to bear upon the proboscis during certain 
portions of the excavating process. The outer layer of the square, 
the calyx of the fiower, is naturally the toughest portion that the 
weevil has to penetrate, and only enough is 
here removed to admit the snout. After that 
is pierced the puncture proceeds quite rapidly, 


movements being used. While the material 
removed from the cavity is used for food, the 
bulk of the feeding is upon the tender, closely 
compacted, and highly nutritious anthers or 
pollen saes of the square. When these are 
fe POre reached the cavity is enlarged, and as much is 
Fic. 2.Mexican cotton boll eaten as the weevil can reach. The form of 
eevee ot antenna na. the entire puncture becomes finally like thst 
middle and mandibles of a miniature flask. 
‘ena. snl after weevils have fed considerably do 
sexual differences in feeding habits begin to 
appear; from this time on the females puncture mainly the base and 
the males the tip of the square. 

Feeding punctures are much larger and deeper than are those made 
especially for the reception of the eggs (Pl. II, fig. 8); more material 
is removed from the inside of the square or boll and the opening to 
the cavity is never intentionally closed. Feeding punctures are most 
frequently made through the thinner portion of the corolla not covered 
by the calyx. The exposed tissue around the cavity quickly dries 
and turns brown from the starting of decay. Asa number of these 
large cavities are often formed in one square (Pl. VII, fig. 31), the 
injury becomes so great as to cause the square to flare immediately, 
often before the weevil has ceased ‘to feed upon it. Squares so 
severely injured fall in a very short time. The injury caused by a 
single feeding puncture is often overcome by the square which con- 


combinations of chiseling, boring, and prying — 
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tinues its normal course of development. When feeding punctures 
are made in squares which are nearly ready to bloom, the injury com- 
monly produces a distorted bloom (Pl. VII, fig. 32) and in very severe 
eases the boll will drop soon after setting. 

After the females begin to oviposit their feeding habits become 
quite different from those of the males. Up to this time both sexes 
move but little, making a number of punctures in a single square; 
but from this point we must consider the feeding habits of the sexes 
separately. 

MALE. 


Studies of the feeding habits of males have been made both in the 
laboratory and out of doors. In the laboratory 65 males were under 
observation during a total period of 2,492 weevil-days.* During this 
period 2,185 squares were supplied them and they made 5,617 feeding 
punctures in 1,582 of thesesquares. A little calculation shows that they 
averaged to make 3$ feeding punctures in each square, at the rate of 24 
punctures a weevil each day. These observations were in most cases 
made during the latter part of each weevil’s life. During the first few 
days they have often been found to make from 6 to 9 punctures a day. 
A general average of 3 feeding punctures a day in the laboratory 
would seem to be near the actual figures during the warm weather. 

As each male while under observation attacked only about 2 squares 
every 3 days, the destructiveness of males seems comparatively slight. 
As will be seen in the following paragraph, the injury done by males 
in the field is not greater than that indicated by the laboratory obser- 
vations. ) 

Five males were followed upon plants under a field cage for a total 
period of 145 weevil-days. During this period they attacked 68 
squares, making therein a total of 177 feeding punctures. This 
_Ineans an average of 2.6 punctures per square and an average of 1.2 
punctures per male per day, making the number of squares attacked 
by each male less than 1 every 2 days. These outdoor observations 
indicate that the laboratory results, small though they appear, are 
yet higher than the actual field numbers. Whether in or out of 
doors, the activity of feeding decreases as the male grows older. 

Males choose to puncture more often than do females through the 
tip portion of the square not covered by the calyx. The yellow or 
orange-colored excrement iis abundant, and owing to the somewhat 
sedentary habits of the males it. accumulates often in quite large 
masses, so that it is often possible to tell whether a square in the field 
has been attacked by a male rather than a female weevil. 


“The term ‘‘weevil-day’’ is used for convenience to designate the product of the 
two factors: number of weevils multiplied by the number of days. 
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FEMALE. 


After they begin to oviposit females seem generally to feed less 
upon one square or in one puncture than they do previous to that 
time. They obtain quite a considerable portion of their food from 
the excavations which they make for the deposition of their eggs, and 
as they show a strong inclination to oviposit only in clean or pre- 
viously uninfested squares, their wandering in search of such squares 
keeps their punctures scattered so long as plenty of clean squares can 
be found. When clean squares become scarce, the normal inclination 
can not be followed out, and the number of punctures made in one 
square will be greatly increased. Most of the special feeding punc- 
tures of females appear to be made either in the early morning or 
near sundown, the middle and warmest portion of the day being 
given mainly to egg deposition. The total amount of feeding done is 
really very large, as is shown by a few figures. 


MALES AND FEMALES TOGETHER. 


During the season of 1903 a large number of weevils were kept in 
the laboratory for special study, but as several weevils were confined 
in each cage, the work of the sexes can not be positively separated. 
A comparison of the results can best be made by means of a tabular 
arrangement of the figures. 


TaBLE X.—Number of punctures per weevil per day. 


Average. 


BESO ee lee Isha ee Saeae: : | Feeding| Egg pune, pine: Period of 
Jot. of males. males. Weoul; pune- punc- | tures per] tures per} observa- 
ys. tures. weevil- | female- tion. 
day. day. 
Hibernated weevils 


3.54 
3.0+ 


in laboratory..-..--.- 
Hibernated females 

IMNfiClOVCARCss= sec cane ca =e) 4 
Weevils of first gener- 

ation in laboratory - 5.0+ 
Females, first gener- 

ation, in field cage..|....-.---- 5 3. 8— 
Males only, labora- oe 


tory, summer of 1903. 


FEEDING OF HIBERNATED WEEVILS ON EARLY COTTON. 


During the period in which hibernated weevils were coming from 
their winter quarters and seeking their first food, frequent examina- 
tions were made in fields where the cotton was most advanced to learn 
the first-food habits of such weevils. From statements made by pre- 
vious investigators the writer is led to believe that the season of 1903 
at Victoria was abnormal in respect to the small number of hiber- 
nated weevils which were to be found upon the young cotton in the 
field. The most careful search failed to discover more than a very 
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few weevils, whereas at the same season in some years hibernated 
weevils have been picked in large numbers from the young cotton 
growing in the infested territory. At Victoria in 1904 hibernated 
weevils were many times as numerous as in 1903. 

Whether there be few or many hibernated weevils, however, makes 
no difference in their feeding habits. The stage of the cotton at the 
date of emergence determines largely the nature of the food habits at 
that time. Owing to the extremely wet winter and the very late 
spring of 1903, little cotton could be planted until the latter part of 
March or the first part of April. In 1904 much cotton planted in 
March in the southern part of the State did not break ground until 
the latter part of April owing to the dryness of the soil from tack of 
spring rains. In such cases as these, therefore, cotton must be small 
at the time of the emergence of many of the weevils from hibernation, 
-and some time must elapse before the formation of the first squares 
furnishes the early weevils with the normal food supply. During this 
interval the weevils get their food from the tender, rapidly growing 
terminal portions of the young plants, as several observers have noted. 
The central bud, young leaves, or the tender stems are attacked, and 
upon these the weevils easily subsist until the squares are developed. 

In 1896 Mr. Marlatt noted: *‘ The eating in the field on volunteer cot- 
ton is practically confined to the young expanding leaves at the bud 
and to the tender petioles or stems of this portion of the plant.” 


TIME HIBERNATED WEEVILS CAN EXIST ON FOLIAGE BEFORE FORMATION 
OF SQUARES. 


The suggestion has been frequently made that by delaying the 
planting of cotton until late in the spring the weevils emerging from 
hibernation might all starve to death before the cotton would be in 
condition to furnish them with a food supply. In regard to this 
suggestion, several factors must be considered. 

(1) The average period of emergence from hibernation in localities 
where observations have been made may extend from some time in 
March, frequently as early as the middle of the month, to the very 
last of May, or possibly the first of June. It is impracticable to delay 
the planting of the crop until the first of June. In the northern por- 
tion of the State this late planting would not allow a sufficiently long 
season for the development of the crop before early frosts occur in 
the autumn. In the southern portion of the State the occurrence of a 
considerable amount of seppa* or stubble cotton would furnish the 


a “Seppa”’ is the term used by Mexican residents of south Texas to differentiate 
the cotton plants springing from the roots of the previous year from those strictly 
“‘volunteer,”’ springing from accidentally scattered seeds. ‘‘Stubble’’ and “‘stump- 
age’’ are other terms similarly applied to second-year growth of cotton, and have the 
same meaning as ‘‘seppa.’’ 
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weevils with a sufficient food supply and defeat the very pare of 
delaying planting. 

(2) The period from the time the cotton breaks ground until the 
formation of squares begins varies considerably, but in general — 
be considered as averaging about six weeks. 

(3) A large number of observations have shown that many weevils 
will, under ordinary conditions, emerge from hibernation after the 
cotton has broken ground, but before the formation of squares begins. 
These weevils experience little difficulty in living upon the cotton 
foliage through a period of at most six weeks. The observations made 
relate especially to Victoria, but will naturally apply to points farther 
south. During mild winters the weevils become active through inter- 
vals of warm weather, and may be found moving about on the cotton 
plants as though seeking food, and these weevils would undoubtedly 
feed at such times if food were available. Under these same condi- 
tions, however, a large majority of the hibernating weevils will not 
emerge until from five to eight weeks after the growing season of cot- 
ton begins. During severe winters and in the northern portion of the 
State, the immature stages appear to be killed in the squares and bolls 
during the winter, so that only those which hibernate as adults sur- 
vive. Those adults which are most exposed probably perish also, and 
naturally those which are best protected against the cold willalso be most | 
protected from the heat during the spring, and, therefore, emerge late.. 
Late planting, therefore, delays the crop aad r a gives the hibernated 
weevils an advantage. 

To make the laboratory tests as severe as possible, weevils were 
taken from hibernation very early in the spring, the dates ranging 
between January 23 and April 5, 1904, averaging March 23. Alto- 
gether 110 weevils were used. The food supply consisted entirely of 
the terminal portions of cotton stems, which were replaced by fresh 
tips at frequent intervals. Under these conditions one-half of the 
weevils under observation died in a little over six weeks, the average 
length of life being really forty-five days. A number of individuals 
continued active for more than three months. These tests showed 
that even under most unfavorable conditions fully one-third of the 
hibernated weevils might be expected to live for a period of time 
longer than that usually occurring between the planting of cotton and 
the first formation of squares. 


CONCENTRATION OF WEEVILS UPON MOST ADVANCED PLANTS. 


The earliest plants in the field ultimately attract most of the weevils, 
and where seppa plants occur they may serve as traps to draw the first 
attacks. Thus, in the spring of 1895, Mr. E. A. Schwarz found the 
first emerged hibernated weevils working upon seppa plants which 
had sprung from 2-year-old roots. These plants, having their root 
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systems well established, start earlier and grow more vigorously than 
do those from seed, and are therefore doubly tempting to the hungry 
weevils that emerge early in the spring. In the spring of 1903 in one 
field of comparatively early cotton, 2 or 3 acres in extent, the writer 
- found, between April 24 and May 11, 23 weevils working on the buds 
and tender leaves of seppa plants before a single weevil was found on 
the young planted cotton having from four to eight leaves. At 
Victoria early in June, 1902, Mr. A. N. Caudell found, in examining 
100 seppa plants, growing in a planted field, that fully one-half of the 
squares upon these plants were then infested. The planted cotton 
was just beginning to form squares, and was slightly injured at that 
time. 

It appears, therefore, that seppa plants, where such exist, receive 
a large part of the first attack of the hibernated weevils. Several 
‘reasons may be given in explanation of this condition. ‘These plants, 
often appearing above the ground before the planted cotton, naturally 
draw the earliest weevils, and as the movement of the weevils is very 
slight at this time of the year, these weevils may very certainly be 
found upon those plants where they find favorable food. In the 
natural process of selection, the largest and most advanced plants 
would naturally be expected to draw the attack of a large proportion 
of the weevils which might emerge, even after the planted cotton had 
broken ground. Itis by no means certain, however, that all hibernated 
weevils may be found upon these early plants. The comparatively 
small number of seppa plants makes it an easy matter to examine 
them with much more care than can be given to the large number of 
small plants. A number of observations have shown that weevils fre- 
quently occur upon the planted cotton even when numbers of vigor- 
ous seppa plants may be found within a comparatively short distance. 

It has been conclusively shown that the first squares do not exert 
any such strong power of attraction to the weevils as has been hereto- 
fore supposed. Weevils which have fed upon the tender tips of plants 
seem perfectly satisfied with their food supply, and it is quite evident 
that their first meal upon squares is more the result of accident than 
intention. After having begun to feed upon squares, however, it 
appears that their taste becomes so fixed that they normally seek for 
squares. It has been found that females do not develop eggs until 
squares have been fed upon for a period of several days. They have, 
therefore, no especial impulse to seek squares for the purpose of ovi- 
position, which has hitherto been considered their prime motive in 
their early spring movement. The concentration of the weevils upon 
plants having squares takes place very gradually. Opportunities for 
observations at Victoria during the spring of 1904 were exceptionally 
favorable, and it was found that many weevils still remain upon plants 
- not having squares for fully six weeks after numerous plants growing 
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in the immediate vicinity had begun to form squares. These observa- 
tions were very conclusive, and were sufficient to prove the ineffective- 
ness of trap rows, even under the most favorable conditions. 


ARE WEEVILS ABLE TO LOCATE A FOOD SUPPLY AT ANY 
CONSIDERABLE DISTANCE? | 


One would naturally think that insects so highly specialized as to 
have only one food plant would be provided with some remarkable 
ability for detecting the location of that plant and for enabling them 
to reach it from a considerable distance. Experiments were under- 
taken by Dr. A. W. Morrill to determine whether the boll weevil had 
any strongly marked sense of the direction of its food supply. 
Various methods of testing were employed. In experiments 1 to 3a 
piece of glass about 20 by 24 inches was allowed to rest upon eight 
glass tubes placed at the angles and middle of each side and directed 
toward the center of the glass. The space between the tubes was care- 
fully filled with cotton. In certain tubes a supply of cotton squares 
was provided. In others, other green vegetation was placed. The 
weevils were liberated under the middle of the glass and allowed to 
move freely in any direction, the object being to see if any consider- 
able proportion of them would choose the tubes containing squares. 
In experiments 4, 5, and 6 a cylinder 2 inches in diameter and 18 inches 
in length was constructed from wire screening. This allowed free 
circulation of the air and free movement of the weevils in either direc- 
tion. A supply of squares was placed outside of one end of the cylinder 
and various other vegetation at the opposite end. Observations were 
made to determine the proportions of weevils found nearest the food 
supply or farthest from it. The various conditions of light and heat 
were so changed as to determine their influence and equalize the effect 
upon the movement of the weevils. In the course of these experiments 
over 250 observations were made upon 100 weevils. A summary of 
the results shows that 83 weevils were found as near the cotton as they 
could get, while 90 weevils were as far from it as they could be. One 
hundred and sixty-one weevils were nearer to the cotton than to the 
other vegetation, while 193 weevils were nearer to other vegetation 
than to cotton. In no case did the maximum possible distance from 
the cotton squares exceed 20 inches, and the minimum varied from 1 
inch to immediate access to the squares. All weevils were hungry and 
many starved during the period of observation. At no time was there 
a general movement in the direction of the food supply. Considering 
these results it can not be said that these weevils showed a definite 
sense of the direction of their food supply, or any attraction to it from 
a distance, even so short as 1 foot. The reactions to light and heat 
were both positively marked and much more evident than the reaction 
to food supply. 
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It must not be inferred that we believe weevils have no sense by 
which to locate their food supply, but it is apparent, both from these 
observations and from observations made in the field, that the move- 
ment of the weevils is indefinite, and the probability is that their find- 
ing cotton is more the result of accident than of evident intention. 
Since it has been found that weevils may live for a number of days 
after emerging from hibernation without food, they have considerable 
opportunity to move about-and stand a considerable chance of finding 
food if it exists in the immediate locality. 


DANGER FROM ALLOWING SEPPA TO GROW. 


In this connection attention should be called to the serious danger 
of allowing seppa to grow. It might appear that in localities where 
there is sufficient seppa to give a fair stand, there would be the decided 
- advantage from the earliness of this growth in, attempting to make a 
crop from these plants. ‘Such, however, is not the case, as has been 
conclusively shown by the experience in south Texas during 1904. 
Winter conditions favorable to the survival of the cotton roots favor 
also the successful hibernation of many weevils, and large numbers 
of these attacking the crop in the spring are certainly fatal to 
the production of even a fair crop. The conditions and practices 
which result in seppa growth are those most favorable to the weevil. 
Southern Texas, where seppa is most common, is the very portion of 
the State which can profit most easily and most certainly by adopting 
the fall destruction of the stalks, and the subsequent plowing, which 
will not only prevent seppa growth, but will also insure the destruc- 
tion of a vast majority of the weevils. By allowing seppa to grow in 
a field of planted cotton, the weevils are supplied with the most advan- 
tageous conditions for getting a start over the planted crop. It will 
frequently happen that the seppa plants are from four to six weeks in 
advance of the planted cotton. Under such conditions, as was dem- 
onstrated at Victoria in 1904, a complete first generation of weevils 
may develop on the seppa, thus multiplying greatly the number of 
weevils which are ready to attack the main crop by the time squares 
begin to form thereon. The development of this largely increased 
number of weevils might easily have been prevented by simply 
destroying all seppa plants, and the seppa growth can be more easily 
and more surely prevented by destroying stalks in the fall and giving 
the ground a thorough plowing at that time than by any measures 
that may be adopted in the following spring. If it should be argued 
that seppa furnished ideal trap rows, we would say that extensive 
observations have shown that they constitute a source of decided dan- 
ger rather than of benefit, even if preserved for the purpose of trap- 
ping hibernated weevils. The proportion of weevils escaping destruc- 
tion upon such trap plants would insure the survival of a larger 
number of weevils per acre than could possibly have survived under 
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a faithful observance of the practice recommended by the Bureau of 
Entomology. The menace from this source is certainly sufficient to - 
justify the adoption of strong measures tending to largely reduce, if | 
not to prevent altogether, the growth of seppa cotton. The recom-- 
mendation made by Prof. EK. D. Sanderson, while State entomologist 
of Texas, that laws be passed making it a punishable offense to allow 
the unchecked growth of seppa cotton, seems to the writers fully justi-_ 
fiable and commendable. 


INCREASE IN LEAF AREA CF COTTON. 


The advisability of making observations upon this point was sug- 
gested by the attempts made to poison hibernated weevils by spraying 
early cotton with an arsenical insecticide. As the weevils fed so 
exclusively in the most recently unfolded growing portions at the tips 
of the stems, it was evident that the rapidity of increase in the leaf 
area would at least indicate the frequency with which spraying would 
have to be repeated in order to keep in a poisoned condition the very 
limited portion upon which the weevils fed. 

Although the observations were made after midsummer, the plants 
used were of the right size to indicate the points desired. Two series, 
each including five average plants, were selected. 

The plants used in Series I had 8 leaves at the time of the first 
observation. Those used in Series II were older and averaged about 
30 leaves each. The leaves borne upon the main stem were classed 
as primary and those from side branches as secondary leaves. Upon 
the date of each of the 5 observations made, the number of leaves in 
each class was ascertained, an average leaf in each class was quite 
accurately measured, and the total product of numbers and area thus 
found was considered as the approximate leaf area of the plant. The 
error has been reduced as much as possible by taking an average of 
the 5 plants in each series as representing a typical plant, and it is 
with these results that comparisons have been made. | 


TaBLe XI.—Estimated increase in leaf area of cotton, averages of five plants. 


Primary leaves. Secondary leaves. 


é : F Average Percent- | Average Percent- 
Date of examination. ee od _— age of | number pie age of 
per lant » | daily in- per lee daily in- 
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BE DLCMIDEr 20h. Soe rok aes See ee ee ae 9.8 231.6 5.4 16.6 187.4 30. 0 
WmtobenrGs ees ee oe oe eset oe 11.0 309. 6 3.0 22.6 347.8 7.8 
Oeto bere = seo Ib platen aan oe deca 13.2 376. 6 2.0 31.0 522. 4 4.6 
Series II: 

, AUP TISE Ban eee tne wx seme aoe 7.8 0 EAC au ee 21.6 266. 8:| > cca eee 
September lS sac... saci oaewiscelac sae 8.4 229. 2 2.0 24.8 341.4 2.0 
September 205 snc d ceases ene =e 9.8 241.6 . 04 42.4 514. 0 3.6 
Octowper Geri yee Ves eee aeen ae ae 9.6 214.8 | a—1.0 52.6 619.2 1.8 
DCCONEL TT Wo aa aacteerataemars eee are 10.0 2p On aetna 67.4 808. 8 pg | 


a Decrease of 1 per cent due to falling of old primary leaves. 
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Several facts are evident from an examination of this table. After 
the plant has acquired about eight primary leaves the formation of 
branches and of secondary leaves began, thereby multiplying the 
number of growing points. From this time on the greater part of the 
increase in leaf area took place in the secondary leaves. By far 
the most rapid period of leaf growth occurred at about the time when 
squares first began to form. In Series I the average total leaf area 
practically doubled every ten days through the seven weeks under 
observation. In Series II the plants were older to start with, and it 
required about forty days to double the leaf area. 

Everyone now concedes that it is useless to attempt the spraying 
of full-grown cotton such as is represented in Series I]. The extreme 
rapidity of increase in the foliage area shown in the first part of 
Series I shows that spraying must be repeated every week or ten days 
if even one-half of the entire leaf area is to be kept poisoned. When, 
in connection with the large per cent of daily increase, we consider 
how much of that percentage is being unfolded at the very tip of the 
stem; that upon that limited tip area alone will the weevil feed before 
the formation of squares; that after the formation of squares it 
appears to be almost impossible to poison. the weevil’s food supply; 
and also that the irregular emergence of the weevils from hibernation 
may extend through several weeks; it at once becomes evident that 
poisoning early cotton for hibernated weevils is almost as impracticable 
as the poisoning of older cotton is now acknowledged to be. 


EFFECTS OF FEEDING UPON SQUARES AND BOLLS. 


From numerous large, open, feeding punctures a square becomes so_ 
severely injured that it flares very quickly, often within 24 hours. 
(Pl. VU, fig. 33). Males usually make the largest punctures, which 
they always leave open while they remain for a day or more working 
upon the same square. It has been often found that squares thus in-: 
jured by a male will flare before the weevil leaves it. The time of 
flaring depends upon the degree of injury relative to the size of the 
square. ‘Thus, small squares receiving only a single large feeding 
puncture in the evening are found widely flared in the morning. On 
the other hand, large squares which are within a few days of the time 
of their blooming may receive a number of punctures without -show- 
ing any noticeable flaring. Frequently a square which has flared 
widely will be found later to have closed again and to have formed a 
distorted bloom (PI. VII, fig. 32), and occasionally such squares de- 
velop into normal bolls. In squares of medium size a single feeding 
puncture does not usually destroy the square. The destruction of a 
square by feeding results either from drying, decay, or a softened, 
pulpy condition of the interior, which is the consequence of the weevil 
injury. 
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Bolls are quite largely fed upon after infestation has reached its 
height. Small and tender bolls are often thoroughly riddled by the 
numerous punctures (Pl. 1X, fig. 36). Small bolls so severely injured 
fall within a short time. Larger bolls may receive more punctures 
without being so severely injured. A comparison of the external and 
internal effects in such cases is shown in Plate VIII, figures 34 and 35. 
Abnormal woody growth takes the place of the idrieel development 
of the fiber, and a softening and decay of the seeds often accompanies 
this change. One or more locks may be destroyed while the remain- 
der of the boll develops in perfect condition (Pl. IX, fig. 38). 

After the bolls become about half grown the effects of feeding are 
less likely to cause the boli to fall. The puncture becomes closed by 
a free exudation of the sap and a subsequent woody growth, which 
forms frequently an excrescence the size of half a pea upon the inner 
side of the carpel (Pl. [X, fig. 37, a). An excrescence of this char- 
acter usually results from an egg puncture, and often from feeding 
punctures also. 


TABLE XII.— Destruction of squares by feeding alone. 


7 Of I 1 1 7 wm oD HH Ho 
ge | ee | 8 88 | eee eee 
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—4 Loma! 
pis) 5a | 2s | Sas) eo | ee ee 
fae | #2 | g | go) ge | gee | woe | ee 
goa | s& |-eee eee O85, |S ocaateeees 
Bie Bl 3.8 i) a eel eee ee BAe | Sa | POS 
ca) & Sal i=l 4 Py = Be 4 
June A to.duly W....eoeae este 33 59| 210) 122! 17.7 2.0 
August 21 to September 10 .......... 808 54 206 100 15.1 1.8 
October,25 tonNoventber 25 asses 125 41 137 110 32.8 2.8 
DO ee ee eee eS dl 26 79 70 50.0 3.1 
PUM MORO MUNYA ete ore ance cm ee ae 417 31 125 59 7.4 is 
August 6 to September 25 .-......--- a68 68 177 177 | 100.0 2.6 
1, 353 279 934 | 638 | 20. 6 2.0 


a Squares attacked by male weevils only. 


From the preceding table a few general conclusions may be drawn. 
The general impression that most of the feeding is done in squares 
specially devoted to that purpose is abundantly sustained by reference to 
columns 5 and 6, from which it is seen that one-fifth of all the squares: 
attacked by the oak receive over two-thirds of their feeding punc- 
tures. Where, as a general thing, only one egg is placed in a square, it 
appears that on an average more than two feeding punctures are made 
in asquare. A comparison of the average time from the date of attack - 
to the falling of the square shows that squares which are fed upon only, 
fall, as a rule, somewhat more quickly than do squares which contain 
i only a have never been fed upon. While not shown in the 
preceding table flaring as a result of feeding injury takes place more 
quickly than when the result of injury by a larva working within the 
square. 
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EXTERNAL AND INTERNAL EFFECTS OF FEEDING ON BOLLS. 


Fig. 34, External appearance of feeding punctures upon large boll: fig. 35, internal injured 
condition of same boll—natural size (original). 


oy 


Pe 
aie 


aye, 


Se 


~ 


: 
ie 


Bul. 51, Bureau of Entomology, U. S. Dept. of Agriculture. PLATE IX. 


fee | 52. -% 
Boll inch 

/ ; 

Wg ig 

(% Fell. 


Bol] open 


EFFECTS OF WEEVIL FEEDING UPON BOLLS. 


Fig. 36, Small boll showing 13 feeding punctures; fig. 37, section of medium-sized injured boll: 
a, Feeding puncture closed by woody growth; b, gelatinized area resulting from feeding punc- 
tures, fig. 38, boll having two locks destroyed by two feeding punctures made by a male weevil; 
fig. 39, device used to test relative attractiveness of American and Egyptian squares—figs. 36, 
38, reduced to three-fourths natural diameter: fig. 39, one-fourth natural diameter (original). 
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DESTRUCTIVE POWER BY FEEDING. 


_A glance at the figures in Tables X and XII (pp. 52 and 60) is suf- 
ficient to show the great destructive power of the Mexican cotton boll 
weevil. It may be seen that both in the field and in the laboratory 
the weevils of the first generation are more active in making punctures 
than are the hibernated weevils. These generations overlap too far 
to attribute this difference to the influence of a higher temperature 
alone, though this factor will account for a large part of it. A com- 
parison of the figures for males alone with those for females alone or 
with those for males and females together shows that it is very con- 
servative to say that males make less than half as many punctures as 
do females. By the habit of distributing their punctures among a 
greater number of squares the destructiveness of the females becomes 
_at least five times as great as that of the males. | 

‘This great capacity for destruction has been one of the most evident 
points in the history of the spread of the weevil, and deeply impressed 
the entomologists who first studied the insect in Texas. In 1895 Mr. 

EK. A. Schwarz, in writing of the work of the weevil at Beeville, said: 

Each individual specimen possesses an enormous destructive power and is able to 


destroy hundreds of squares, most of them by simply sticking its beak into them for 
feeding purposes. 


SUSCEPTIBILITY OF VARIOUS COTTONS. 


Anexcellent opportunity for observations upon this point was obtained 
upon the laboratory grounds at Victoria by growing within a small area 
plants of several varieties of American Upland, Sea Island, Egyptian 
(Mit Afifi), Peruvian, and Cuban cotton (Algodon sylvestre). The 
Peruvian cotton made a remarkably large growth during the first sea- 
son of growth in 1903 and again from the overwintered roots in 1904, 
but put out no squares, so that it does not really enter into this com- 
parison. The Mit Afifi seed was obtained through the courtesy of the 
Bureau of Plant Industry of this Department from a field grown the 
preceding season at San Antonio, Tex., in which circumstances led 
some observers to the opinion that the variety was, toa certain extent, 
immune. The observations at the laboratory were made by carefully 
examining the plants, looking into each square, and removing every 
weevil and infested square found. If there were any distasteful or — 
resistant cotton among these, it would surely be found in this way; 
and if any variety were especially attractive to the weevils it would 
be equally apparent. Infested squares being removed, the accident 
of association or proximity would not determine the location of the 
weevils found, but all might be considered as having come to the cot- 
ton with equal opportunities to make their choice of food, and accord- 
_ ingly their location has been considered as indicating such choice. 
The period of observation extends from June to November, except 
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with the Cuban cotton, which was planted late and began to square 
during the latter part of August. For the purpose of this comparison, 
both the several varieties and the various plots of the American cotton 
will be considered together, as no evidence of preference was found 
among them. 3 

In making a comparison of the results three elements must be con- 
sidered for each variety of cotton: First, the number of plants of each 
variety; second, the number of days during which each kind was 
under observation; third, the total number of weevils found on each 
class of cotton. The elements of numbers of plants and time under 
observation may be expressed by the product of those two factors 
forming a term which we may call “plant-days.” ‘The total number 
of weevils found upon any class of cotton divided by the number of 
‘‘plant-days” will give the average number of weevils attracted by 
each plant for each day, and these numbers furnish a means of direct 
comparison and show ata glance the average relative attractiveness 
of each class of cotton. The following table presents these results in 
comparable form: 


TasLeE XIII.—Relative attractiveness of various cottons. 


Average. 


' : te 
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An examination of these figures shows that American Upland cotton 
is less subject to the attacks of the weevil than any of the others, and 
that Egyptian (Mit Afifi) is by far the most susceptible. The differ- 
ence in degree is most plainly shown in the column of “‘ relative 
attractiveness.” It would certainly seem difficult to formulate a 
stronger argument for the cultivation of American cottons alone within 
the weevil-infested district than is presented by these figures. The 
weevils gathered so thickly upon the Egyptian cotton that the plants 
could not produce sufficient squares to keep ahead of the injury, and 
therefore the average number of infested squares for each weevil is 
only three-fourths as great with that variety as with less infested 
kinds, but the average injury to each square was greater than with 
any other. | 
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Reports made by agents of this Bureau who have investigated the 
habits of the weevil in Cuba and Mexico show that the native varieties 
of cotton, including the tree and kidney cottons of Cuba and the tree 
cottons of Mexico, are just as susceptible to serious weevil injury ay 
are the cultivated cottons. In some restricted localities in Central 
_ America the dwarf character of the cotton grown and the very open 
method of cultivation result in the production of some staple, though 
the variety of cotton grown is by no means immune to weevil attack. 

The practical application of these observations may be emphasized 
still further by the statement that in spite of the frequent and careful 
removal of weevils from these cottons during the entire season none 
of the non-American varieties made a single boll of good cotton, so 
great was the actual weevil injury to them, while American cotton with 
_ the same treatment developed a large number of bolls. | 
_ The results are still further sustained by observations upon larger 
areas of American and Egyptian cotton under field conditions in three 
localities in Texas, no weevils being removed from either kind. At 
Victoria, Tex., on August 26, 1903, an examination showed that 96 
per cent of Egyptian squares were infested, while an average of 13 
fields of American showed 75.5 per cent. At Calvert, Tex., on Sep- 
tember 4, Egyptian showed 100 per cent infested, while the American 
varieties growing alongside showed 91 per cent. Similar results were 
found at San Antonio. Though growing in close proximity, the Egyp- 
tian produced no staple whatever, while the American gave better 
than an average yield in spite of the depredations of the weevil. 

At Victoria, in the experimental tract during 1904, three varieties of 
Egyptian cotton (Mit Afifi, Janovitch, and Ashmouni) were tested side 
by side with American varieties. The Egyptian varieties uniformly 
_ failed to make a pound of cotton, while the American varieties aver- 
aged 400 pounds per acre. 

In accordance with these observations, it appears that in developing 
a variety of cotton which shall be less susceptible to weevil attack, by 
far the most promising field for work lies among the American varie- 
ties, and of these the very early maturing kinds are most promising. 

The question of choice of different varieties for food was tested in 
the laboratory by Dr. A. W. Morrill, by placing squares of two kinds of 
cotton, American and Eeyptian, in alternate rows in a breeding cage 
(Pl. LX, fig. 39), so lettered and numbered that each square could be 
exactly located. Weevils were then placed so that they could take 
their choice of these squares, and observations from 8 a. m. to 6 p. m. 
were made upon the location and activity of the weevils. Though this 
experiment was repeated four times no positive evidence was obtained 
to show that weevils had any choice as to which kind of squares they 
fed upon. Table XIV presents a summary of these results. 


_ 
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TasLteE XIV.—Breeding-cage observations upon weevil choice of American and Egyptian 
squares. 


American squares. Egyptian squares. 


Period of observation. 


Experiment. 
Number of obser- 
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Total number, 
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In experiments 1 and 2 the American squares were attacked more 
extensively than were the Egyptian, while in experiments 3 and 5 
greater injury was done to the Egyptian. In experiment 4 the smaller 
number of egg and feeding punctures made in the Egyptian squares is 
counterbalanced by the larger number of squares attacked. Although 
the totals from these five tests show slightly less injury to the Egyp- 
tian than to the American squares, it could hardly be expected that 
two arbitrarily chosen series, even if of the same variety, would show 
any closer agreement in the points of comparison made in this table 
than is therein shown by the American and Egyptian squares. 

- About July 25, 1904, a rather sensaticnal report was published in a 
number of prominent newspapers, claiming that a variety of tree cot- 
ton had been found which was not only unaffected by frosts, but also 
immune to the attacks of the boll weevil. An agent of the boll weevil 
investigating force, Dr. A. W. Morrill, was detailed to study the cot- 
ton which had given rise to the report. Careful investigations were 
made in seven different localities. No variety of cotton is positively 
known to be unaffected by frosts. It was found that but a few stalks 
of cotton were growing in any of the localities visited. The fruit was 
scattered, in many places there being no bolls and the fiber of very 
poor quality. An examination of the squares showed that they were 
badly infested by the weevils in several of the localities visited, and 
the isolated location in other cases zai easily explain their escape 
from attack. 


HAS THE WEEVIL ANY OTHER FOOD PLANT THAN COTTON? 


The question of the possibility of boll weevils feeding upon some 
other plant than cotton is one of great importance. It is a well- 
known fact that insects which have few food plants usually confine 
their attacks to closely related plants belonging to the same botan- 
ical family, or even genus. Accordingly, most of the plants which 
have been tested especially are those most closely related to cotton. 
Four species of Hibiscus (ZZ. esculentus, H. vesicarius, H. manthot, 
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INSECTS OFTEN MISTAKEN FOR THE BOLL WEEVIL. 


Figs. 40, 41, Mexican cotton boll weevil (Anthonomus grandis), much enlarged; fig. 42, Lixus sp., 
enlarged three and one-half times (original); fig. 43, acorn weevil (Balaninus victoriensis): 
a, Female, dorsal view; b, same, lateral view; c, head, snout, and antenna of male—all enlarged 
four times (from Chittenden); fig. 44, apple curculio (Anthonomus scutellaris), enlarged. (from 
Insect Life); fig. 45, pepper weevil (Anthonomus xneotinctus), much enlarged (original); fig. 
46, Desmoris scapalis, enlargea (from Chittenden). 
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INSECTS OFTEN MISTAKEN FOR THE BOLL WEEVIL. 


Fig. 47, Transverse Baris (Baris transversa), much enlarged (original); fig. 48, Centrinus penicellus, 
enlarged (original); fig. 49, ecoffee-bean weevil (Arexcerus fasciculatus): a, larva; b, beetle; c, 
pupa, enlarged (from Chittenden); figs. 50, 51, Chalcodermus xneus, enlarged (from Chittenden). 
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INSECTS OFTEN MISTAKEN FOR THE BOLL WEEViL. 


Figs. 52, 58, Sharpshooter (Homalodisca triquetra), enlarged (from Insect Life); fig. 54, cotton 
stainer (Dysdercus suturellus, enlarged (from Insect Life); fig. 55, cotton stalk borer (Ataxia 
crypta), enlarged (from Howard); fig. 56, imbricated snout-beetle (Epicerus timbricatus). 


enlarged (from Chittenden); fig. 57, snapping beetle (Monocrepidius vespertinus), enlarged 
(from Chittenden). 
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METHODS OF WEEVIL STUDY. 


Fig. 58, Device used in testing attractiveness of molasses to hibernated weevils early in 
spring, reduced to one-fourth natural diameter; fig. 59, weevil ‘‘ playing ’possum,”’ 
enlarged two diameters; fig. 60, weevil ‘‘ playing ’possum,’’ natural size; fig. 61, field 
cage used to confine weevils on uninfested plants; tagged plant after removal of cage 
at right (original). 
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HH. moscheutos) were grown and an effort made to see whether weevils 
would feed upon either the leaves, buds, or seed pods. In no case, 
however, did they live on any of these for any considerable time, 
though they fed slightly upon some of the parts. Hibernated weevils 
starved in an average tyme of about 4 days with leaves of either okra 
or Sunset Hibiscus. The buds and seed pods were not formed at that. 
time, so could not be tested. Weevils of the first generation, which 
had fed upon no cotton, were placed upon Sunset Hibiscus, and these 
starved in an average of 3 or 4 days. First generation weevils, which 
had fed for a few days on squares, were placed upon leaves, buds, and 
seed pods of Hibiscus vesicarius. Though they fed a little, all starved 
inanaverage of aboutddays. A lot of first-generation weevils, fed first 
for several days with squares, were given leaves, buds, and seed pods of 
okra. More feeding was done by this lot than by any other, all parts 
being slightly attacked. These weevils lived for an average of 7 days. 

-Numerous other plants, including sunflower (Helianthus annuus), 
bindweed ( Convolvulus repens); the slender pigweed and the spiny pig- 
weed (Amaranthus hybridus and A. spinosus), and western ragweed 
(Ambrosia psilostachya), and various other species of weeds and 
grasses which occur more or less frequently around cotton fields were 
tested, but in no case was feeding noticed except in the case of weevils 
supplied with pieces of the stem of sorghum, the stems of which were 
cut into short lengths and some of the pieces split lengthwise. Upon 
the exposed, juicy pith weevils fed considerably, but they did not 
puncture through the hard stem to obtain the juice. The sweet sap 
found in the pith sustained weevils for some time in the laboratory, 
but where obliged to puncture the stem, as they would be in the field, 
they would never attack sorghum, except possibly freshly cut stubble. 
Among the many plants tried, therefore, none has been found to show 
any capacity for sustaining the lives of weevils in the field in the 
absence of cotton. 

During the summer of 1904 a number of other plants not closely 
related to cotton were tried, but upon none of them would the weevils 
even attempt to feed. 

The question of the original food plant of the weevil has received 
considerable attention from this Bureau, the investigations made in 
Cuba being particularly thorough and conclusive. In that island some 
varieties of cotton grow wild and are perennial. After most careful 
search Mr. EK. A. Schwarz wrote in the spring of 1903: ‘* There is not 
the slightest doubt, in my opinion, that the original and only food 
plants of the weevil are the varieties of Gossypium and here in Cuba 
the variety known as kidney cotton.” The investigators of the 
Bureau of Entomology have given special attention to the possibility 
of the boll weevil breeding on other plants than cotton. Throughout 
‘the investigations of Prof. C. H. T. Townsend in southern Texas and 
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in Mexico and the careful studies made by Mr. Schwarz in Texas and 
in Cuba and the observations made by the writers in Texas every 
plant closely related to cotton has been most carefully watched, and 
the uniform failure to find the weevil upon any other plant makes it 
practically certain that cotton is its only food. . | 


INSECTS OFTEN MISTAKEN FOR THE BOLL WEEVIL. 


Many species of insects have been mistaken for the Mexican cotton 
boll weevil. Among them the two most commonly reported in Texas 
have been an acorn weevil (Pl. X, fig. 43) and a species commonly 
found upon bloodweed or ragweed. The chief reason for the promi- 
nence of these two species is not that they resemble the boll weevil 
more closely than do others, but rather that their habits bring them 
into closer proximity with cotton fields and their abundance has led to 
their more frequent discovery. The acorn weevil has in a number of 
cases been taken in lantern traps set in cotton fields, and the mistake 
in the proper identification of the species has given curreney to the 
report that the boll weevils are attracted to lights, which, however, is 
never the case. There is no authentic record of a single boll weevil 
having been caught at any light. Only very rarély and under excep- 
tional conditions will the acorn weevil feed at all upon cotton bolls. 

Though the bloodweed weevil (Pl. X, fig. 42) has been taken from 
cotton plants, no evidence -has been submitted showing that it was 
actually feeding thereon, and it is more likely that such specimens had 
merely strayed to the cotton from bloodweed growing near. 

Another species of weevil, Desmorzs scapalis (Pl. X, fig. 46), is much 
less common and therefore less frequently mistaken, but resembles the 
boll weevil in general appearance far more closely than does either of 
the species previously mentioned. This insect has been found attack- 
ing white prickly poppy (Argemone alba) and tumbleweed (Amaranthus 
grecizans) in the spring, and probably breeds on Przonopsis ciliata 
Nutt. and the broad-leaved gum plant ( Grindelia squarrosa). 

In general the food habits of any species are among its distinctive, 
specific characters, and as the structural differences are easily over- 
looked and difficult of appreciation by anyone unacquainted with the 
careful study of insects, a rather full though by no means complete 
list is here given of the species which have been reported to the Bureau 
of Entomology as having been confused with the boll weevil. A num- 
ber of the most common species will be found figured among the illustra- 
tions in Plates X, XI,and XII. The scientific names of the insects are 
given because they are definite and refer positively to a single species, 
whereas the common names are used so loosely that the same name may 
be applied to a number of species having possibly similar habits. In 
many cases no common name has yet been given to the species. Hight 
of the species mentioned attack living cotton and five species are found 
feeding only on decaying bolls. The occurrence of the remainder upon 
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cotton is merely incidental. The boll weevil is ineluded in this list, and 
figures of the adult are given in the plates to facilitate comparison. 


Insects often mistaken for the boll weevil 


(Anthonomus grandis). 


Scientific name. Common name. Usual food plant. P rine 
Anthonomus QRGNOLS BOM 225221 Mexican cotton boll wee- | Cotton squares and bolls... X, 40, 41 
Anthonomus albopilosus Dietz...-.|-.- - 4 Ben gece scree Pe ep SS Lae ee ae Se eee ae’ eee ae 
Anthonomus signatus Say .......4 Strawberry weevil.--.-..-.-- Various Hower buds... . 2.2): 02.2 s2k.5.. 
Anthonomus xneotinctus Champ -| Pepper weevil....-..-.-.- Pepper podsu se. 2c. 0. ae 55 
Anthonomus scuteliaris Lec .......| Apple weevil..........--- SED DEE Ac euke aie te fn waite X, 44 
Desmoris scapalis Lec...-...-.--- Tronweed weevil .......-- Broad-leayed gum plant.... X, 46 
Desmoris constrictus Say .....---- Sunflower weevil....... SS IHOLUUCSEVS \Siel Oe anaes eae eee ene a Tg 
Conotrachelus naso Lec.....------|-- SR UL Sea a elit TR PI ee ee Carey eee (eae ee aie 
DR OM 9G) SSE AN ete AS OS Ce ee ee |e ee Oe eee ee ee | a eee 
Conotrachelus nenuphar Hbst ....| Plum eureulio.......2..-- Plums and peaches... 2....21.....2...--- 
Commrachens leicophvatus Wap. -|....... 2. os...~--+s------+-- SENT 2 ee 2 0 I a ree ems (eR 
WARS 2 39 Se ee a Beetle IWMOWErS. 2... XI, 48 
0S CS SS cS eee ee eee eee OR ohn ee amet erat Hcce Seniesa 
Chalcodermus xneus Boh...--..--- Cowpea-ped weevil.....-.- Cowpes pods... 2... 2.1.22! ME, 56, St 
Dorytomus mucidus Lec....-...--- A: wallow weevil... ...2- EL ie 2h ont pel ieee ne Lee 
Lizus scrobicollis Boh .....--....- Bloodweed weevil........ Ragweed (Ambrosia spp.) .-|...........- 
Balaninus nasicus Say ..------.-- ER UOTE WAS ONE ope ces ee ele = ea in einem See a ein Abas aoe SO ccsectiae sre 
Balaninus victoriensis Chitt.....-|...-- 40 Seine OE ME eer enema ters Liveoak ®eorms . 2222-22 Xx, 43 
IE OATE OTS OSes SO ane ae ee GO ee eS ese coe INC OURS So asa cm se se eee soe 
Acalles turbidus Lec.....-.----+-- Prickly-pear weevil ...... PICRy HCa be cates Se a5 ees oe ee es 
UEPREES ROMUTS OC 2522.5. 2t aalL3 LE Sead ep dpe Soe, Se gage PER SS cen OR eet Sabet 
BEES SPURL PAY see tan ceed Siraped BARS c=. 22.32... Sitemsel racweed i. . 1 -<csal, os ito. 
Baris transversa Say ....--.------ Transverse. Baris —...-.... Roots of cockleburs ....-..- KL, AF 
Tuchways Sorataus LC. -..-=.------ False indigo weevil ....-- i BTV EHS LEVEY 6 | Seana Rae Ra ps eS =| Merial a 
Trichobaris mucorea Lee ........- Tobaeeo-stalk weevil. ._.. EGR CRO SURE KG! - occ See wecee oe 
Trichobaris texana Lec ......-.--- Nettle-stalk weevil....... Spanish toistles..c. cis ccee 
eT RMT RIED IONS RY. te shiny Ae A ee a be So cok mea woh Oba ne mannee |S oo luk ed de Sue 
Fiplooras pates Wbst ...... 02-25... Pates weevil. 0. ..0..2222- DOTPHere SUCINS <sceeacs sens. ce oe ak 
Prades sirobt Peek. .. 0. ...~- White-pine weevil. .......)----- GIG: tye Ba Bea plea ttl eS OS oe a 
Pachylobius pretverus GINS ...22~) 222 ens BLES eee ee gn eee, Mell Peete Oe Se its oe eka ae Et CaaS 
Rhynchites mexicanus Gyll ....--- Mexican rose beetle_...-- BETO Cartes, pro ese eer clei sae, Lat LB mh! Ts Agel! 
Arexcerus fasciculatus DeG ....... Coffee-bean weevil ....--. Coffee beans and old cotton XI, 49 
polls. 
Epicxrus imbricatus Say .......-.| Imbricated snout beetle..| Ommnivorous -...-.....-.---- XII, 56 
Anthribus cornutus Say ......-. «-| Horned stem borer. ....- GUGM Shem Somer ee aoe 
OTHER BEETLES. 
Monoerepidius vespertinus Fab...).....................---..--!| Larva in grass roots ........ | XII, 57 
ING UDTEOUS TOOTING OB U2) Ce abe cole on le a ee rr , Larva in groum@_o lo. J: =... | iS eee Bee 
Ataxia crypta Bay............---. Cotton-stalk borer.......- Cottom. stalkse 225) eee XII, 65 
Corus apiculs Mels. 20 22.2 ste “ered aie taeda Decay iis Dolls see sees ke le Pee 
Gmrpophmus hemipreris tawes SF. Se cee Develops in decaying bolls-.|............ 
Gurpophites damidiates Wab. 222.2) 550-5. se ence ecco ede Die Fe ei eee ee eas 
Epurea xstiva Linn ..........-.- joe Ye 2 Lae ee ee |e Ce mas hen nee SL 
Catharius gemellatus Duv.......-- (SRE CVS 2 eS a Se en CL a Se here a etter SM eS echo ce 
Tribolium ferrugincum Fab ....-- Flour beetle .............- PCLAW SCCM eee Sse rene tes ue coueas 
_ BUGS AND OTHER INSECTS. 
Homalodisca triquetra Fab....... Sharpshooter ............- Cotton stalk, 2.2 4. XII, 52,53 
Oncometopia undata Fab......... Waved sharpshooter .....|...-- CTS ppt Ne ie St: SRN en ee Se EIR ee 
Dysdercus suturellus H-Sch ...... | Cotton stainer............| Cotton bolls................ XI, 54 
Gicanthus niveus DeG...........- Snowy tree-cricket ....... Stem of cotton plant ......-]......-..--. 
- Calocoris rapidus Say .........-.. Rapid plant-bug.......... Boils oF COpLON bo 2scee sn oalk cn cacbbcees 
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A special publication dealing with insects most frequently reported 
to this Bureau as being mistaken for the boll weevil is now being 


prepared and will be available for general distribution. 


IS COTTON-SEED MEAL ATTRACTIVE? 
LABORATORY OBSERVATIONS. 


On account of the popular impression that cotton-seed meal will 
attract weevils it has been necessary to conduct a rather full series of 
experiments. To ascertain the possibility of using this substance as 
an attractant for the weevil in field work, three series of laboratory 
tests were first made. The weevils used were obtained from the same 


source in all tests. The first series was designed to test the ability of — 


the weevils to live upon cotton-seed meal alone as a food. The second 
series was intended to show whether the weevils would prefer the 
meal to cotton leaves as an indication of the possibility of attracting 
hibernated weevils before the formation of squares in the spring. 
The third series was planned to show whether the weevils would pre- 
fer the meal as a food when squares could be easily found. The 


cotton-seed meal used was obtained fresh from the oil mill and the 


experiments started during the latter part of November. 

Weevils fed rather sparingly upon the meal in Series I. It did not 
seem to agree with them asa food and they showed no special inclina- 
tion to feed upon it. Twenty-three of the 24 weevils confined upon 
meal alone died in from 2 to 13 days, showing an average duration of 
life of slightly over 6 days. These weevils either starved to death 
rather than eat the cotton-seed meal, or else they were not able to eat 
it. The dry and empty bodies of all dead weevils showed that death 
was caused by starvation and not by disease. Being entirely covered 
with the fine meal did not seem to have any bad effect upon them. 
As weevils without food or water showed an average duration of life 
of slightly over 6 days, agreeing exactly with the period in this test, it 
appears that cotton-seed meal is not only not a food desired by the 
weevils, but also that it is not capable of prolonging their lives to any 
appreciable extent. 

‘In Series II 21 weevils were confined with fresh cotton leaves and 
cotton-seed meal as food. During the 297 ‘‘ weevil-days” that this 
experiment was continued but one weevil died. The average period 
of the test for each weevil was 14 days. The weevils fed almost 
wholly upon leaves. Occasionally one would feed a little on the 
meal, but they certainly preferred the leaves, and the results show 
that leaves alone were responsible for the longer life of these weevils. 
The 20 survivors were placed in hibernation December 20, 1902, but 
all died before April 15, 1903. 


= 
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' In Series III freshly picked squares were placed with the meal to 
see which would attract the weevils. Fresh meal, as well as squares, 
was supplied at frequent intervals. During the 158 ‘‘ weevil-days” 
that this test continued not one of the 10 weevils died. The average 
period of the test was almost 16 days, and after it the weevils were 
placed in hibernation, but all died before April 15,1903. In only one 
instance was a weevil observed feeding upon the meal. From this 
test it was evident that cotton-seed meal has not the power to attract 
weevils from squares, even when the latter have been picked for sev- 
eral days. 

In spite of the complete failure indicated by these results, a series 
of field tests was made during the late fall of 1902. 


FIELD TESTS. 


In order to settle this question finally, two series of field tests were 
made, one during the fall, when weevils were abundant but full-fed 
and cotton still standing, and the other during the early spring, with 
the view of attracting weevils as they came from hibernation before 
cotton began to square. 

Fall of 1902.—Cotton-seed meal fresh from the mill was placed in 
10 cheese-cloth bags, which were shaken so that the fine dust from the . 
‘meal covered the outside of each bag. The bags were numbered and 
then tied to cotton plants in infested fields at about the middle of the 
plants. The bags were so distributed as to test fields in which the 
following conditions prevailed: One field entirely black from frost, 
one nearly black, one about half green, and one still entirely green. 
The number of weevils on the plant to which the bag was attached 
was noted each day to ascertain in a general way the number of wee- 
vils which would be very near the meal and able to reach it in the 
ordinary course of travel over the plant without having to fly to it. 
Weevils on adjacent plants would naturally come within the sphere 
of influence if such existed, but they were disregarded. After the 
failure of the meal to attract weevils in the field became apparent, 
weevils were caught and placed upon the bags to see if they would 
stay’ there. | 

Altogether 65 observations were made, covering a period from Novem- 
ber 24 to December 16. The weather was generally cool, averaging 
about 61° F., mean temperature, and cotton had ceased to grow. 
Counting each weevil found at each observation, only 5 were found 
upon the 10 bags of meal. Of these 5, 3 were hidden in the folds of 
the cloth for shelter and were not feeding. One weevil was counted 
twice and was the only one found that appeared to be feeding upon the 
meal. During this period a total of 163 weevils was found upon the 
top parts of the plants to which the bags were attached. This is con- 
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siderably below the real number present, because in many instances 
this examination was not made, and doubtless weevils were overlooked 
even when examination was made. 

At various times 27 weevils were placed directly upon ie bags of 
meal and given every opportunity to show whether they would stay 
thereon if they accidentally found the meal. Only one of this number 
stayed upon the bag for 24 hours, and this one remained in the shelter 
of the cloth. 

The unattractiveness of cotton-seed meal for the weevils seems 
absolutely proven so far as fall conditions are concerned. 

Spring of 1903.—These tests were intended to show whether hiber- 
nated weevils would be attracted to the meal before squares were to 
be found in the field. ‘Two series of experiments were planned, using 
four bags of meal in each. For the location of the first series a field 
was chosen which was known to have been badly infested with weevils 
up to December 18, 1902. This field was net replanted with cotton in 
1908, nor was there another field in the vicinity, so that weevils com- 
ing from hibernation would find no possible food except the meal. A 
number of live hibernated weevils was taken from this field, so that 
there can be no doubt of the presence of many of them. The bags of 
meal were placed near apparently favorable hibernating places. 

Fifty-five observations were made under these conditions, but not a 
weevil came to the bags of meal. 

For the second series a field was selected in which occasional seppa 
cotton plants were found. The plants had been allowed to stand 
through the winter in this field, and hibernated weevils were quite 
abundant. The bags of meal were here attached to stakes driven 
beside seppa. plants. More than 50 observations were made after 
weevils were known to be out of their winter quarters. Nine weevils 
were found upon the seppa cotton plants beside which the bags of 
meal were placed, but not a weevil was found at the meal. 

Only one conclusion can be drawn from these experiments. Under 
no conditions will cotton-seed meal serve as a food for the weevils, 
and it shows no power whatever of attracting them either from cotton 
or in the absence of cotton. ‘ 


THE POSSIBILITY OF BAITING WEEVILS WITH SWEETS. 
ATTRACTIVENESS OF VARIOUS SWEETS. 


On account of the considerable publicity given the theory that it 
might be possible to destroy the weevil by attracting it to sweetened 
poisons, a number of experiments were performed along this line. 

In the course of this work Mr. G. H. Harris employed in the labora- 
tory tests a large variety of sweets. White granulated sugar, two or 
three grades of brown sugar, two or three grades of molasses, and the 
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best strained honey were among the sweets tried. The conditions were 
such as to lead the weevils to eat the sweets if they would ever do so. 
The only alternative offered them for food was a supply of rather old 
cotton leaves such as weevils never touch in the field. In spite of the 
unfavorable conditions for getting at the real choice of the weevils, 
they showed little inclination to feed upon the sweets except in the 
ease of honey, which seemed to attract them quite strongly. Many 
weevils fed upon the unattractive leaf tissue or upon the broken end 
of the petiole rather than upon the sweets. 

The result of: Mr. Harris’s experiments with undiluted molasses 
applied to plants in the field as summed up in his own words was that 
‘‘nothing indicated that the weevils were attracted by the odor of 
sweets.” Honey was then tried, and this did attract a few weevils. 
Mr. Harris’s general conclusion, based upon the results of his experi- 
ments, was that ‘‘ while a high grade of sweets seemed to have more 
attraction than a cheaper grade, neither can be depended upon to 
attract the weevils for poisoning.” 


ATTRACTIVENESS OF SWEETS TO HIBERNATED WEEVILS IN 
LABORATORY. 


The sweets used in these tests were of three kinds: High-grade 
molasses, common molasses, and light-brown sugar. The weevils were 
brought in from the field and left for one week without food or drink 
previous to the beginning of the tests on April 2,1903. Three weevils 
were used with each kind of sweet, the latter being in their strongest 
form and the sugar in a saturated solution. The inclosing apparatus 
was formed by placing two bottles mouth to mouth with sufficient 
space for air but not enough for the escape of the weevils between 
them. In the bottom of one bottle was placed the sweet and the 
second leaves of cotton in the bottom of the other. The weevils were 
then inclosed, and the cages thus formed were placed in a horizontal 
position in the dark to eliminate every possible influence of direction 
of light, relative elevation of food, etc. The food supplies were 
renewed occasionally, and the location of the weevils relative to the 
food in each cage was noted frequently. The weevils were counted at 
each observation. The results of these observations are briefly sum- 
marized in the following table: 


TABLE X V.—Altraction of various sweets versus cotton, second leaves. 


Number | Number 


: Number . 4 
Character of sweet. of obser- ae pal ta 
vations.} Vilson | vilsa 

cotton. | sweets. 
we DE Ba 2 2 pee 2S oR one i 20 25 1 
nate aE ko li coc wie dew ian 13 2) 5 
Be eeranstmn nme es inpuen cree teapots ce oc ebecccecceccee 18 42 4 
BSc nie Uae er TA a eck ee Sccennsnde- 21 48 8 
Min pirmmariier os) ote se ee bits el 72 144 18 
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These figures become exceedingly striking in consideration of the 
fact that the cotton leaves were often purposely left until they became 
moldy and decayed or dried and wholly unfit for food. It was at such. 
times that most of the weevils sought the sweet in preference: Should 
we leave out of the account the weevils found at the molasses or sirup 
when the cotton was unfit for food, the number attracted there would 
be reduced fully one-half. In either case the fact. remains that none of 
the sweets can be said to have attracted weevils from the cotton leaves. 


INFLUENCE OF SWEETENED WATER UPON FEEDING OF WEEVILS 
CN COTTON PLANTS. 


It is easy to demonstrate that weevils will in confinement feed upon 
sweet solutions. To prove that they will show the same attraction to 
such solutions in the field is afar more difficult matter. 

For the purpose of these experiments, cheap molasses was used, 
mixing 1 part of molasses with 25 parts of. water, as is generally 
recommended in spraying formule. Three pairs of young plants 
which had not begun to square were then selected from those growing 
upon the laboratory grounds. The plants in each pair were of equal 
size, and both in healthy condition and standing closely enough together 
to be both covered by one cage. One plant of each pair was then 
dipped in the sweetened water, while the other was left in its natural 
condition. In each of the cages 10 weevils were then placed upon 
the ground and midway between the bases of the plants. The object 
of the test was to see which plant, the treated or untreated, would 
‘attract the larger number of weevils. During the first three days 
observations were made several times each day. Weevils found upon 
either plant were counted at each observation. 

A summary of the observations made on the first day before the 
liquid had dried showed 15 weevils upon the sweetened plants and 16 
on those not sweetened. These results were so remarkably even that 
no attraction or repulsion could be ascribed to the liquid before it dried. 

During the ten days covered by the observations, however, 63 wee- 
vils were found upon the unsweetened plants and only 45 upon those 
sweetened. The weevils fed largely upon the petioles and somewhat 
upon the blades of the leaves and the main stems of the plants. No 
indication was observed of special feeding upon the ‘‘ gloss” left by 
the drying of the sweetened water. In each cage the normal untreated 
plant was destroyed before the treated one. During the first half of- 
the observations 52 weevils were found feeding upon the unsweetened 
plants and only 32 upon the sweetened. Only after every leaf on the 
untreated plants hung black and dead, while the sweetened plants 
were in much better condition, did more weevils attack the sweetened 
plants. 3 7 “eae 
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_ Not only did these tests show that molasses in solution has no attrac- 
tion for the weevils, but also that the sticky coating left after the 
liquid has dried acts more as a positive repellant to them. 


FIELD TESTS FOR HIBERNATED WEEVILS, USING PURE | 
MOLASSES. 


As a final experiment to settle the possible usefulness of molasses 
in the weevil fight, a large series of tests was undertaken in the field 
to see if the pure, undiluted molasses would not prove attractive to 
weevils as they came from hibernation. To insure a continuous sup- 
ply of fresh molasses a test tube was nearly filled and then rather 
tightly plugged with a small stopper wound with cotton. The tube 
was then fastened in an inverted position to the top of a stake about 
2 feet long, and as the molasses gradually oozed through the cotton 
it ran slowly down the stake, forming a streak of continuously fresh 
molasses a foot or more in length. The supply would thus last for 
several days and was then easily replenished. This apparatus, as shown 
in Plate XIII, figure 58, was then placed beside a vigorous seppa cotton 
plant in the field at the season when the weevils were beginning t¢ leave 
their winter quarters and seek food to break their long fast. Both 
high and low grades of molasses were employed in these tests, three 
tubes of each being used. Altogether 84 observations were made 
between April 24 and May 15, 1903, during which period most of the 
weevils emerged from Eyhciaioa: 

The results again proved disappointing, for only a single Des was 
ever found at the molasses. This individual sipped occasionally at the 
sweet, wandering up and down the tube in the intervals. It did not 
appear to be satisfied and did not remain long at or near the molasses, 
but flew away and was not found there again. 

The failure of the molasses to attract was not due to the scarcity of 
weevils in the field. During the period of observation 23 weevils were 
found working upon seppa cotton very near the molasses tubes, and 
certainly within reach of its attractive influence, provided it had any. 
More weevils were also found in the same field, but at somewhat greater 
distances from the tubes. 

During the warm days toward the close of the experiment many 
butterflies, mostly Vanessa atalanta and some Anosia plexippus, came 
to the tubes. A few specimens representing several species of beetles 
and many ants were also found. 

None of the experiments made, either in the laboratory or in the 
field at Victoria, Tex., has shown that weevils are attracted in even the 
slightest degree to any grade of molasses, either in its undiluted or 
diluted form. No sugar solution has been found to possess any more 

attraction than does molasses. Honey appears to be an especially 
_ attractive sweet, but is too expensive for use in this manner. 
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Considering the facts that these experiments have been much more 
numerous and that they have covered a much broader range of con- 
ditions than any previously performed, we must conclude that it yet 
remains to be shown that sweets of any kind have any value in the 
problem of controlling the boll weevil. 


FEIGNING DEATH. 


This interesting habit of the weevil is its first resort as a means of 
escape from its larger enemies. It has been the basis of many machines 
designed to jar them from the plants and to collect them in convenient 
receptacles. If jarred from the plant, the weevil falls to the ground, 
with its legs drawn up closely against the body and the antenne 
retracted against the snout, which is brought inward toward the legs. 
The position is characteristic and can be more easily shown than 
described. (See Pl. XIII, figs. 59 and 60.) In this position it often 
remains motionless for some time. If further disturbed, so that it finds 
that its ruse has failed to conceal it, it will start up quickly, run a little 
way, and again fall over, feigning death. The color of the weevil 
so closely resembles that of the ground that it is quite difficult to find 
a fallen individual so long as it remains quiet. The habit is of great 
value in protection. If left undisturbed until it believes danger to 
be past, it recovers its footing and returns to the plant. Frequently a 
disturbed weevil has been observed to fall, but before reaching the 
ground it would spread its wing covers and wings and sail off obliquely 
to some distance. In other cases, after falling they would suddenly 
catch some portion of the plant touched and hide so quickly that it 
was very difficult to follow them. 


REPRODUCTION. 


Under this general heading we present some of the most interesting 
observations which have been made upon the habits of the boll weevil. 
The relation of the sexes, the evident selection of clean squares for 
ego deposition, the great destructive power of the weevil, the rapidity 
of development, and the influence of varying temperatures upon its 
activity and development may also be classed as among the most 
important as well as most interesting observations. 


METHOD GF MAKING FIELD OBSERVATIONS UPON WORK OF 
WEEVIL. 


For the purpose of field study large cages (3 by 3 by 4 feet) were 
made, the covering being of fine wire screening (Pl. XIII, fig. 61). 
Uninfested plants having plenty of squares were found by a careful 
examination of each square, and inclosed by the cages. The number 
of weevils placed in each cage was varied according to the number of 
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squares within, ranging from 2 to 5 at various times. In making the 
daily observations the cage was entered and every square examined. 
Each square found attacked in any way was marked with a numbered 
tag containing full data as to the lot of weevils and the number pres- 
ent, date, and nature of injury. After all weevils had been found 
the cages were removed to new uninfested plants for another day’s 
work. Close watch was kept upon all tagged squares upon succeed- 
ing days, and every important change taking place in each square 
was added to the record on the tag. The additional special points 
noted in each case, so far as was possible, were: The formation of 
a distinct wart; time of flaring, yellowing, and falling; the emer- 
gence of adult; presence of a parasite; death of larva, pupa, etc. A 
very complete history of each square was thus obtained. During 
the season of 1903 three special periods were selected for study of this 
kind. ‘The first was taken during the early part of June, when hiber- 
nated weevils only were active, the second was taken in August for 
the work in midsummer, and the third in the latter part of October 
_ for the study of the development of late weevils. Altogether in these 
three series over a thousand squares were tagged and recorded. The 
work of males was compared with that of females in this way, as were 
also the developmental periods in squares and bolls. Nearly 1,500 
more of these records were obtained in the work of 1904. Although 
requiring a great deal of time and close attention, the numerous defi- 
nite observations obtained abundantly justified the work required. 


FERTILIZATION. 
AGE OF BEGINNING COPULATION. 


After the adult weevils have left the squares a certain period of 
feeding is necessary before they arrive at full sexual maturity. This 
period varies in length according to the effective temperature prevail- 
ing, and appears to bear about the same ratio to the developmental 
period as does the pupal stage. | 

Among the many weevils kept from emergence till death for the 
purpose of ascertaining the length of life without food, copulation 
was never observed. With weevils fed upon leaves alone the period 
preceding copulation is about twice the normal length, in the cases 
observed, of those having squares to feed upon. | 

During the hot weather this period appears to be on the average 
only about three or four days in length, while as the weather becomes 
colder it increases gradually until weevils may become adult, feed for 
a time, and go into hibernation without having mated. 
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SEXUAL ATTRACTION AND DURATION OF COPULATION. 


The distance through which the attraction of the female insect will 
influence the male varies extremely. To ascertain how far the attrac- 
tion might be exerted in the case of the boll weevil, 2 females were 
confined with food in a small bottle covered with cheese cloth, and the 
bottle was then placed in a horizontal position inside a field cage and 
near its top. Within this cage were 3 males which had been confined 
there alone for 4 weeks. The bottle containing the females was so 
placed as to be within a few inches of the top of a cotton plant upon 
which the males were working and touching the leaves of the plant, 
in order to afford the males access to the bottle without having to fly 
to it. 

Close watch was kept, but during 11 days not a male was seen to 
go near the bottle. At the end of that time the females were taken 
into the laboratory, as was also one of the males from the cage. All 
were removed from squares and, being placed upon the table, were 
brought gradually nearer together. The male paid no attention what- 
ever to the nearer female until brought within an inch of her. He 
then went directly to her. The sense of smell appeared to guide his 
movements. The fact that this male mated readily with both of the 
females used in the cage shows that the only reason for failure to 
attract in the cage lay in too great distance separating the sexes. 

These observations are entirely borne out by those made in the field. 
The fact appears to be that the sexes are attracted only when they 
meet, as they are likely to do, either on the stems or upon the squares - 
of a plant. The comparative inactivity of the male may have some 
relation to this matter. The general conclusion is that instead of 
seeking widely for the females, the males are content to wait for them 
to come their way. The greater comparative activity of females is 
shown in the study of their food habits. . 

In a considerable number of cases that were timed the average dura- 
tion of the sexual act was very nearly thirty minutes. 


DURATION OF FERTILITY IN ISOLATED FEMALES. 


A number of females which were known to have mated were isolated 
to determine this point. Although neither limit was exactly deter-. 
mined, the results proved very striking. Several of these females 
laid over 225 eggs each and nearly all of them proved fertile. Select- 
ing three cases in which the facts are positively known, it appears that 
fertility lasted for an average of something over 66 days and that 
during this period these females deposited an average of nearly 200 
egos. The maximum limits may possibly be considerably higher than 
these. A single union seems to insure the fertility of as many eggs as 
the average female will lay, and its potency certainly lasts for a period 
fully equal to the average duration of life. 
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OVIPOSITION. 
AGE OF BEGINNING OVIPOSITION. 


Normal oviposition seems never to take place until after fertilization 
has been accomplished, but it usually begins soon after that. Obser- 
vations upon the age at which the first eggs are deposited can be made 
more easily and more positively than those upon the age at which fer- 
tilization takes place. In a general way, therefore, the observations 
here given may be considered as also throwing toh upon the time of 
beginning copulation. 

In the breeding of weevils from eggs deposited by hibernated females 
a number of observations accumulated upon this point, and another 
series was made in the fall of 1902. The results of both series are 
given in Table XVI. 


TaBLE X VI.—Age of beginning oviposition. 


WEEVILS OF FIRST GENERATION, 1993. 


Number | ; : 

Date adult. Date of first egg. | of fe- ety Weevil 
| males. f YS. 

1908. 1963. Days. | 

AWED® Si%0) Ss Sa HES Bae ee Se a aie eee SUMO MtOASs seierereoeste 3 9.0 27.0 
joi 10 34 BoA See se bonnes Gee eee ae aeneErErase MUM PIG Re che aa se sels il 9.0 9.0 
Tie 1 WAS 2 ee ge Oe ei a Oe ne i nc SU CU Gsx ee = atte soe 7 5.0 35. 0 
TRE UE a Se Co Se a eee ae erie ee Sn ee OMe SR arson ae aft 4.0 4.0 
ID®: SS OBE Sa eae eae ee Oe ee eta eee mer JMMeHO ace eiecws 2 7.0 14.0 
ASQUTS NS) pS aera ee rere ee rE aR Ee os Re eRe Sas UTNE RS eee ten 4 5. 0 20.0 
Tie PaNS TiSs (eg Se eu I ar ae ee CO Seas Sh te eee Se 5 5.0 25.0 
VERS We tae RSE BASE See lear ener eee |e en Clo aoe eee cateen as 4 4.0 16.0 
EROS Le Sec ich Sots Chee eh SS oie Ne Dipl eae are Were 150.0 

A NHETE RS UTS LLU PEND Me Se BS Se cae te alla epee Ra ca eam EI Pr 5.54 

WEEVILS BRED IN FALL OF 1902. 
1902. 1902. 

SO PLCMUIe Aa LO Dis oe cecie Sait dis nees Cowie wae wale September 17......... 3 12, 5) Seo 
Soran over). ee es ee ae a ee ee ee Sepliembertlioescescese 5 7.0 35. 0 
CONCTUG | SON HDS Sea he He es 2 ae oe ee Octoberl6n. 225.4582 4 14.0 56. 0 
NoviemiberiOi tony 2 ace ct ees oskes couscous November 16 to 17.... 7 7.0 49.0 
IGS raat Oe ea O ba a BT ci oe ee November 19........- 3 8.0 24.0 
Sica an eA ERD rN at ieed ee ge 1 eet rN ee en ‘201.5 

JN SLAVS (WUE Aare ANG NTUNT SSA es Ra AR Te a eg Te om) (neo eu Ye 9.0+ 


The average time of 5.5 days, as shown by the first generation, is 
probably about a day and a half longer than the minimum average 
period during the hottest weather, while the 9-day average found from 
September 4 to November 11 is considerably short of the maximum 
average just before hibernation. 

In general the observations made in 1904 upon this point agree 
closely with the foregoing, so they need not be added. 


EXAMINATION OF SQUARES BEFORE OVIPOSITION. 


_ In the course of a great many observations upon oviposition it was 
found that females almost invariably examine a square quite carefully 
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before they will begin a puncture for egg deposition. This examina-- 
tion is conducted entirely by means of senses located in the antenne 
and not at all by sight. In fact, the sense of sight appears to be of 
comparatively small use to this ot 

In regard to the actual time spent in the work of examination before 
beginning a puncture 60 observations were recorded. These show 
that the average time is over two minutes. 3 

This examination of squares is made by females only when they 
intend to oviposit. Males have never been observed acting in this 
way, nor do females generally do so when their only object is to feed. — 


SELECTION OF UNINFESTED SQUARES FOR OVIPOSITION. 


So unerring is the sense by which examination is made that ina 
few cases it was able to discover an infested condition no external sign 
of which was visible to the writer’s eye. A female which was under 
close observation examined in the usual manner the square given her, 
but though evidently searching for a place to oviposit and anxious to 
do so, she plainly objected to placing an egg in that particular square. 
The writer again examined the square carefully, but found no sign of 
infestation and replaced it in the observation cage. Again the female — 
made her usual careful examination and still she plainly refused to 
oviposit. Upon removing the covering from the square it was found 
to contain an egg, but the puncture made in depositing it had healed 
so smoothly that it had thrice escaped observation. The same female 
was then given two squares, one of which was known to be infested, 
the latter being placed nearer her. She examined it carefully, then 
left it, and went at once to the clean square, in which, after the usual 
examination, she deposited an egg 

The acuteness and accuracy of the preliminary examination is also 
well shown by the fact that when provided with more squares than 
they have eggs to deposit they rarely place more than one egg in a 
square. It was frequently found, however, that when a female depos- 
ited just as many eggs as there were squares present she would place 
two eggs in one and then make only feeding punctures in the remain- 
ing square. 

The observations were made upon a large number of females; so 
there can be no doubt that the habit of selection is general. The 
conditions provided in these experiments were intended to resemble 
those existing in a slightly infested field early in the season, where each 
female could easily find an abundance of clean squares in which to 
deposit her eggs. Therefore only those cases were recorded in which 
the number of squares present equaled or exceeded the number of 
eggs deposited. Where a totally infested condition is reached no 
choice between infested and uninfested squares could be exercised, 
and then unless the female happened to be in a condition to refrain 
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from oviposition she would be forced to deposit more than one egg 
in a square. 

_ Not only do females show a strong inclination to place only one egg 
in each square, but they also object to making both egg and feeding 
punctures in the same square. That these conclusions are well 
grounded may best be shown by giving a summary of two long series 

of observations, the first made in the laboratory in the fall of 1902 
and the other made in the field partly in the fall of 1902 and Deca in 
the spring of 1903. 


_ LABORATORY OBSERVATIONS. 


Nine females were used in this series of experiments. The time 
followed varied with each individual, but ranged from October 23 to 
December 18, 1902. During this period a total of 868 uninfested 
squares was supplied to these 9 females. Of these squares 238 were 
not touched, while 630 were punctured, either for oviposition or for 
feeding or for both. The general results are here summarized in 
tabular form. | 


TaBLe X VI.—Selection of squares and relation of feeding to oviposition. 


eye: Squares 
No. ae Squares sb 9 Squares with Squares 
-of fe- Period of observation. ae lied.| With 1 = fed on both un- 
male. ; PP ‘|egg each. sat only. |eggs and | touched. 
; . ere feeding. 
1902. 
1 | October 23 to November 15...... 135 72 2 25 af 35 
2 | October 23 to November 27 ...... 171 102 2 29 7 31 
3 | October 25 to November 7 .....-- 96 74 4 8 1 9 
4 | October 23 to October 28......... 32 13 0 6 4 9 
ao» October 23 to Octeber 28.2... =.=. 38 30 1 2 2 3 
6 | November 10 to December 5..... 91 34 0) 5 3 a 
7 | November 10 to November 25.... 75 41 3 7 1 23 
8 | November 10 to December 18.... 107 48 1 | 12 Ei 45 
9 | November 11 to December 12.... 123 63 6 | 16 6 32 
Padi Se eat eee 868 477 | 19 | 110 24 938 


A little calculation from these results shows that 82.5-++ per cent of 
all squares attacked received eges and that 91.7-+ per cent of all 
squares oviposited in received only one egg each. The squares which 
were fed upon formed only 17.5— per cent of the total number 
attacked, and those receiving both egg and feeding punctures consti- 
tuted only 3.8 per cent. The squares receiving two eggs each also 
formed 3.8 per cent of all the squares which received eggs only. 

The tendency to confine egg and feeding punctures to separate 
squares is strongly emphasized by the fact that in 17 instances, in 
which a total of 116 squares was provided, 91 received eggs only, while 
the remaining 25 were fed upon only; another total of 78 squares 
received 88 eggs in 72 of them, while the remaining 6 were fed upon 
only. As these two lots include nearly one-third of all the squares 
punctured, the tendency may be clearly seen. ; 
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FIELD OBSERVATIONS. 


For one series of observations 500 infested squares were picked 
promiscuously in the field between May 28 and June 9, 1903. | 

A previous field examination was made about the middle of Septem- 
ber, 1902, and this furnishes some very interesting comparisons as to 
the weevil’s work upon the squares, especially at the beginning of the 
infestation and after it had reached its height. ‘To facilitate an easy 
comparison, the results are arranged in Table XVIII. 


TABLE X VIII.—General results of observations upon selection of squares. 


Squares with 


3B |s ith Soret eee a d 
quares wi oth egg quares fe 
rs lege each, ogc oe and feeding | ononly. © 
g 88 - | punctures. ; 
= 
nm = 2 & 4H a os = 
e 248 aug 38 32 
5 = ioe 3) ER og : ae 
S @:) aeons ® = oo 5 ao 5 =iex 
& | 2 (g@ee 2 |g8a) 2 | 92 | 2 | gs 
3 A (Sato 8 1 oc eae ae g oS 
o 5B |Bor ol 53 | Barf os os 3 Be 
a A ie A | 42 )|/Aaf | 4 | we 
Squares infested in laboratory | 
Oct. 23 to Dee. Pee aon Loe Pete a ae 6380 | 477 OWT 19 3.8 24 3.8 | 110 17.5 
Squares pies in field May 28 to 
JUNE OS19032 set tee el eee ae 500 | 317 | 79.25 83 | 20.75 50 10.0 | 110 20.0 
Squares picked in field Sept. 17 to : 
22 O02) io. coateciea vege eel aencsmare 105 56 | 62.9 38 | Oded 46 43.8 16 15.2 
Eta en ee 1,2354) 9850 e. oes Bh wee 190") coe si hat See 
Average percentage: 20: = sates: loneea. Jesee ce 8409) le eases LA lek eee BY fe a ese 18.3 


A few obvious conclusions may well be stated here. Throughout 
the season from one-fifth to one-sixth of the squares injured were 
destroyed by feeding punctures alone. Within this small portion 
must be included most of the work of males and also of newly 
emerged females before they reach sexual maturity. As the weevil 
injury overtakes the production of squares it becomes increasingly 
difficult for females to find clean squares, and they are forced to 
deposit eggs in squares already injured and also to feed upon squares 
which already contain eggs. These conditions serve to increase most 
rapidly the proportion of squares containing both egg and feeding 
punctures. This is still further emphasized by the fact that in June 
only 30 per cent of all injured squares contained feeding punctures, 
while in September nearly 60 per cent had been thus injured. When 
females have access to an abundance of squares, they will deposit 
more than one egg only in about one-fifth of those in which they oyi- 
posit, while the proportion of those having both egg and feeding 
punctures is still smaller. 

The tendencies to keep egg and feeding punctures separate, as well 
as to deposit only one egg in a square, serve to produce the greatest 
injury of which the weevils are capable, for two obvious reasons: First, 
because where several eggs are placed in one square it is rarely the. 
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OVIPOSITION IN SQUARES AND BOLLS. 


Fig. 62, Longitudinal section through square, showing egg puncture and location of egg among 
anthers, enlarged two diameters; fig. 63, inner side of a hull stripped from a boll, showing two 
eggs at inner surface, enlarged four diameters; fig. 64, section of boll showing egg punctures 
and location of egg, enlarged two diameters; fig. 65, wart formed on side of square, healing 


egg puncture, natural size (original). 
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ease that more than one larva develops. If two or more hatch ina 
‘square, one is likely to destroy the others when their feeding brings 
them together. They bite savagely at anything which irritates them, 
and lays have been found in the actual death struggle. Secondly | 
should eggs be placed in squares which already contain a partly 
grown larva, those hatching would likely find the quality of the food 
so poor that they would soon die without having made much growth. 
One egg will insure the destruction of the square, and a number of 
eggs, could all the larve live, would do no more. Therefore it is 
plain that the possible number of offspring of a single female is increased 
directly in proportion to the number of her eggs that she places one 
in a square, and favorable food conditions for the larva are best 
maintained by avoiding feeding upon squares in which eggs have 
been deposited, and also by refraining from ovipositing in squares 
which have been much fed upon. These habits of selection are, there- 
fore, of the greatest importance in the reproduction of the weevil, 
since they insure the most favorable conditions for the maturity of 
the largest possible number of offspring. In other words, these habits 
enable the weevil to do the greatest damage of which it is capable 
while the cotton crop is *‘ making.” 

These habits are perhaps less strongly marked in the case of bolls, 
though still plainly manifested. KEeeding and ovipositing are common 
in the same boll, but unless the infestation is very great indeed it 
appears that only rarely is more than one egg placed in one lock, 
though several are often deposited in the same boll. The number 
deposited depends considerably upon the size of the boll. The smallest, 
which have just set, receive but one, as do the squares, and these fall 
and produce the adult weevil at about the same period as in the case 
of squares. Bolls which are larger when they become infested are 
often found to be thickly punctured and sometimes contain 6 or 8 
larve. The weevil seems to know when the food supply is sufficient 
to support a number of larve and deposits eggs accordingly. 


ACTIVITY OF WEEVILS IN DIFFERENT PARTS OF THE DAY. 


The 5 females used in these tests were kept in a field cage on pre- 
viously uninfested plants, and examinations of their work were made 
mostly at four-hour intervals from 6 a. m. to 6 p.m. The exact work 
found was recorded upon tags attached to the squares themselves. 
Temperature readings were taken at the same time as the observa- 
tions. The results are most clearly presented in tabular form (p. 82). 
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TaBLE XIX.—Activity of five weevils in different parts of the day. 


g [8 |e 
a dei 
> | od HH ea o n 
H ae ma: = Condition of wt 
Date. Period. = Rous) a a) 2 weevil at end Remarks, 
Fs He 8 ‘oe | ea of period, 
5. 26/6 | 26 
g 3 ~ q 
oO = =) 
H A A A 
1903. seal ils ; 
Sept.) 2243-2)" 2:30:te 6p: 4. e- 93-80 16; 15 10 | Placed on fresh 
Sept.2-3 ...| 6p.m. to6a.m--..-.. | 80-69 3 oh py resting pe ree siinrag black 
a.m 
Sept.3...-.- 6215 40 10) 18 asm 2 3 69-85 12 10 2°| All aehive. s....655 3 trying 10 escape; 
cage moved. 
POs 5: 10 40 a.m. to 2,40 p.m. pe 95 18 15 Lp eee ae EE ee Cage moved, 
Dosa: 3 tO0.6500 P.M. 2p esse. 5-84 12 11 6 fee on fresh 
plan 
Sept.3-4 ...1 6.30 p.m.to6a.m....| 8468 3 1 3 All resting Sy | wéetiae punc- 
tures all biack; 
small square 
flared. 
Sept. 42... -|/ 6100 tolOjaam: 222. 32s 68-83 4 1 4 |3 moving to ad- 
jacent squares. 
Doles 10 a.m. to 4 p.m....-. 83-91 24 19 12 | Allactive. 
DOs s. 2 AO Ga; ee eee 91-82 11 8 5 | All quiet, 
Sept.4-5...| 6 p.m. to9a.m......- 82-79 5 0 6 | All feeding ......- Cloudy; every 
weevil on same 
square as at 6 
p.m. 
Ota Soe ee eee ae 108 81 60 


_ An examination of these figures shows that weevil activity began 
and ceased at about 75° F. Activity increased as the temperature 
rose, and its maximum coincided with the maximum of daily tem- 
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Fic. 3,—Diagram showiag average activity of five female weevils (original). 


perature. It then decreased with the falling temperature until it 
ceased entirely some time during the evening, probably at about 
75° F.* (See fig. 38.) Feeding continued at lower temperatures than 
oviposition, as is known to be the case during the late fall. 
Examinations made in the field between 6 and 7 a. m. on Septem- 
ber 4 showed that all weevils, both males and females, were quietly 
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resting at that time with the temperature at about 70° F. On cloudy 
days the activity is less than it is on clear days. 

During the warmest portion of the season in 1904 a series of obser- 
vations was made upon the night movement of weevils. Two obser- 
vations were made daily—one at about 8 p. m., to note the location of 
the weevils, and the other between 6.30 and 7 a. m. to seeif the weevils 
moved, The average temperature for the period was high, ranging 
from 80° F. at 8 p. m. to 73° F. for minimum temperature, and rising 
to 76° F. at 6.45 a. m. The total number of observations showed 25 
movements during a total of 134 nights. This means that only 18.6 per 
cent of weevils moved after 8 p. m., even during very warm weather. 


PLACE OF EGG DEPOSITION, 


The location of egg punctures, while variable, still shows some selec- 
tion on the part of the weevil. This may be due partly to the form 
of the squares and partly also to the size of the weevil, but whatever 
the explanation the fact remains that in a majority of cases the egg 
puncture is made on a line about halfway between the base and tip of 
the square. When so placed the egg comes to rest either just inside 
the base of a petal or among the lowest anthers in the square, accord- 
ing to the varying thickness of the floral coverings at that point (PI. 
XIV, fig. 62). Punctures are very rarely made below this line, though 
they are sometimes made nearer the tip. Almost invariably the egg 
puncture is started through the calyx in preference to the more tender 
portion of the square, where the corolla only would need to be punc- 
tured. The reason for the choice of this location may be found under 
the subject of the ‘‘ Relation of warts to oviposition,” on page 88. 

With bolls no selection of any particular location has been found, 
but eggs seem to be placed in aimost any portion. See Plate XIV, 
figures 63 and 64. 


POSITION OF THE WEEVIL WHILE PUNCTURING FOR OVIPOSITION. 


While engaged in making egg punctures the favorite position of 
the weevil is with its body parallel to the long axis of the square and 
its head toward the base of the same. The tip of the weevil’s body 
is thus brought near the apex of the medium size square. Having 
selected her location, the female takes a firm hold upon the sides of 
the square and completes her puncture while in this position. It may 
be that the position described is especially favorable for obtaining a 
firm and even hold, and this may have something to do with the reg- 
ularity with which it is assumed. If so, the apparent choice of this 
location for the puncture is only partially explained, since it has been 
often shown that weevils can puncture and oviposit successfully in 
~ almost any portion of the square except its very tip. 
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Undoubtedly there are other reasons than those of mere conven- 
ience which have so impressed themselves upon the inherited experi- 
ence of the weevils as to lead them to the choice of this position and 
the consequent location of the punctures and eggs. Most apparent 
of these reasons, and probably also most important, is the advantage 
which this location affords in the protection of the egg and the young 
larva developing from it against the attacks of natural enemies as 
well as from the injurious effects of drying and decay. 3 
- This protection is readily explained by several facts. The place 
chosen is through the thickest and toughest portion of the floral 
envelopes through which the anthers can be reached, since the thick- 
est. parts of both calyx and corolla are toward their bases. More 
important than the thickness of the layers of vegetable matter is the 
character of the tissues through which the puncture passes. Though 
corolla and calyx are both modifications of original leaf tissue, both 
have changed so greatly in form and texture that the resemblance is 
recognized only by those somewhat acquainted with plant structure. 
The corolla, moreover, has changed far more than has the calyx, and 
in becoming so highly specialized its tissue has lost certain powers 
still retained by the green calyx tissue. The particular power referred 
to in this connection is the ability to heal small wounds. Punctures 
made in the corolla must, therefore, remain open, while small punc- 
tures through the calyx will in most cases be healed by the natural 
outgrowth of the tissue, so as to completely fill the wounds in a man- 
ner entirely analogous to the healing of wounds in the bark of a tree. 
The custom of the weevil of sealing up its egg punctures with a mix- 
ture of a mucous substance and excrement is of great advantage and 
assistance to the plant in the healing process. While undoubtedly 
applied primarily as a protection to the egg, it serves to keep the 
punctured tissues from drying and decay, and thus promotes the 
process of repair. 

As a result of the growth thus stimulated in the calyx, the wound 
is perfectly healed in a short time, and, as is the case in the healing of 
the bark of trees, here also we find acorky cutgrowth projecting above 
the general surface plane. This prominence the writer has termed a 
‘“‘wart” (PI. XIV, fig. 65). The healing is completed even before the 
hatching of the egg takes place, and thus both egg and larva partake 
of the benefit of its protection. 

It is possible for the puncture to heal without the full development 
of the wart, and it is also possible for eggs to develop successfully 
even when the puncture was made through the corolla alone and no 
wart developed, but in the latter case the chances are rather against 
it. Occasionally warts do develop from feeding punctures which were 
small, but the exact conditions under which this takes place have not 
been fered: 
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EFFECTS OF WEEVIL ATTACK. 


Fig. 66, External appearance of two egg punctures in square; fig. 67, small square widely flared 
from two feeding punctures; fig. 68, infested squares fallen to ground—figs. 66 and 67 enlarged 
to one and one-half diameters (original). 
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85 
THE ACT OF OVIPOSITION. 


The general process of making punctures has been described pre- 
viously under the topic of ‘‘ Food habits” (p. 50), and will therefore 
not be repeated here. Having completed the formation of the egg 
cavity, the female withdraws her proboscis and turns end for end. 
She depresses the tip of her abdomen and locates therewith the open- 
ing to the cavity by feeling or scraping around. In a majority of 
cases the opening is readily found, but sometimes it isnot. Then the 
female seems often to lose all sense of locality, but continues scraping 
with the tip of her abdomen. If she is still unsuccessful, she turns 
and continues the search by means of the antenne, just as in the pre- 
liminary examination of a square before beginning a puncture. 

In many cases females were noticed to actually place the tip of the 
proboscis within the opening of the cavity without seeming to be 
aware of its proximity. When the cavity has been found again by 
the antennal senses, the female invariably enlarges it before turning 
again to insert the ovipositor. If the search with the antenne does 
not prove successful, the female will make another puncture in the 
same manner as at first, appearing to know that no egg has yet been 
placed in that square. 

After locating the cavity by the tip of the abdomen, tke ovipositor 
is first protruded to the bottom of the cavity, in which it appears to 
be firmly held in position by the two terminal papille and the power 
of enlarging the terminal portion of the ovipositor. Slight contrac- 
tions of the abdomen occur while this insertion is being made. Ina 
few moments much stronger contractions may be seen, and often a 
firmer hold is taken with the hind legs as the egg is passed from the 
body, and its movement may be seen as it is forced along within the 
ovipositor and down into the puncture. Only a few seconds are 
required to complete the deposition after the egg enters the opening 
to the cavity. The ovipositor is then withdrawn, and just as the tip 
of it leaves the cavity a quantity of mucilaginous material, usually 
mixed with some solid excrement, is forced into the opening and 
smeared around over the same by means of the tip of the abdomen. 
This seals the egg puncture, and the act of oviposition becomes com- 
plete (Pl. XV, fig. 66). 


TIME REQUIRED -TO DEPOSIT AN EGG. 


Observations upon this point were very conveniently made by con- 
fining females upon squares from which the involucres had been 
removed. A plain glass cover allowed accurate observations, which 
were made to the fraction of a minute. The time required to com- 
plete the excavation and the time required to place the egg were the 
two points especially noted. 
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The time of making the puncture was noted in 115 instances, and 
this was found to average 54 minutes. The time varied widely, being 
from 1 to 13 minutes; the usual range was from 4to8 minutes. From 
the time that the mS began to puncture till the sealing of the cay- 
ity, the complete act of oviposition required | in 103 instances an aver- 
age of slightly over 7; minutes, ranging in time from 3 to 16 minutes. 

As these observations were made between October 7 and 23, the 
periods given may be slightly longer than they would be in warmer 
weather. However, various observations made in the field in mid- 
summer agree very closely with the averages given. 


RATE OF OVIPOSITION. 


Since the period of reproductive activity of the boil weevil is so 
long, the rate at which eggs are deposited is a question requiring much 
time for its determination. There have been found great variations 
‘in the rate at different seasons, and it is clear that oviposition is even 
‘more strongly influenced by variations in temperature than is feeding. 
The rate sometimes varies unaccountably and very abruptly with the 
same female upon succeeding days. No explanation for this has as 
yet been found. The rate is influenced, also; by the abundance of 
clean squares which the weevil can find, so that it is greater in the 
early season, as the degree-of infestation is approaching its limit, than 
after Se has reached its maximum. 

Two extended series of observations have been made to determine 

especially the normal average and the maximum egg-laying ability of 
the females. 


AVERAGE. 


Taking first 54 females which had gone through hibernation, we 
find that they deposited on the average 24 eggs each daily in the 
laboratory, and 4 females which were followed under field conditions 
for a total of 93 ‘‘ weevil-days” deposited 489 eggs during that time, or 
at the rate of 54 eggs each per day. Where the rate of activity is so 
great it is probable that the length of the period would be somewhat, 
but not proportionately, shortened. From many observations made 
in the field during the beginning of the squaring season it seems prob- 
able that a rate of 5 eggs a day is not far from the average in the tield. 
This conclusion is confirmed by the observations of 1904. 

From 27 females of the first generation a laboratory average rate of 
24 eggs each daily was obtained. Five females of this generation 
confined in a cage in the field during the latter part of August fora 
total of 70 ‘‘weevil-days” deposited an average of 64 eggs per day. 
This latter rate is far beyond the actual average rate in the field at 
that period, because of the fact that the weevils can not at that time 
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find enough uninfested squares to lead them to deposit so many eggs, 
but the possibility remains if only squares enough are present. 

A few words must be said in further explanation of the differences 
which appear between the field and laboratory results. In the case 
of the laboratory figures the entire oviposition period of each weevil 
and the entire number of eggs deposited are taken into the account. 
As there is a gradual increase in the rate of production of eggs after 
the beginning of deposition and a gradual decrease from the middle 
‘of the period to its end, the ean average is much lower than would 
be that taken at the time of maximum activity. In the case of the 
field figures a short period only is covered, and all conditions of square 
supply were such as to stimulate the weevil to its greatest normal 

activity. 


MAXIMUM. 


The daily observations made upon the weevils in the laboratory 
supply a vast number of observations from which to select maximum 
figures. It has been shown that under favorable conditions weevils 
may be expected to produce an average of 6 eggs a day fora consid- 
erable period of time. Itis not surprising, therefore, that some of the 
maximum figures obtained are very much larger than that number. 
A few instances only will be taken from among thousands of daily 
records. 

The highest record of eggs deposited shows that 2 small females 
deposited together 108 eggs in 3 days, or at the daily rate of 18 eggs 
each. This record was made on the 7th, 8th, and 9th of June, 1908. 


TaBLE XX.—Maximum rate of oviposition. 


Number Daysin-| Total i , Number} Daysin-| Total 

of cluded | eggs de- siagene Ee of cluded | eggs de- sve AEO 
females. |in period.| posited. | P Y: || females. lin period.| posited. | P&T C4Y 

2 3 108 18.0 2 2 43 10.8 

il 5 76 15.2 it 3 30 10.0 

2 5 160 16.0 2 5 114 11.4 

9) i 5) HO 3 2 54 9.0 

2 2 47 18 5 1 42 8.4 

12 16 | 446 13.5 13 1 283 9.5 


STIMULATING EFFECT OF ABUNDANCE OF SQUARES UPON EGG 
DEPOSITION. 


Four actively laying females were confined together upon a few 
squares from September 22 till October 14, 1902, and during this 
period they laid a total of 227 eggs, or an average of 2.37 eggs per 
weevil per day. For the next 13 days these same weevils were isolated 
and supplied with an abundance of squares. During this shorter 
period they laid 236 eggs, or 4.54 eggs per female daily. 


88 


Taking equal periods as near together as possible and using these - 
same weevils, there were deposited in 13 days upon a few squares 
144 eggs, or 2.74 eggs per female daily, while during the following 13 
days, with an’ ope of squares, they each deposited 4, o4 eggs 
a day. 

These figures are the more striking because the stimuleeell was 
plainly shown in spite of the general tendency to lay fewer eggs as the 
weevils grow older and as the average temperature becomes lower. 


RELATION OF WARTS TO OVIPOSITION. 


When the general relation of the warts to the formation of egg 
punctures was first recognized, an investigation was undertaken to 
determine, if possible, in what proportion of cases the warts could be 
traced directly to egg or feeding punctures. For this purpose a large 
number of squares, most of which had warts, was picked from plants 
in the field and carefully examined in the laboratory. Notes were 
made especially upon the following points: The number of warts, the 
number of punctures obviously made for feeding only, the number 
of special egg punctures, and the numbers of eggs, larve, and pupx 
found. Only those excrescences were counted as warts which showed 
a positive elevation, and, as was expected, many eggs were found which 
had not been deposited long. enough for a wart to have formed. Out 
of the 105 squares examined, 26 showed no warts, while the remaining 
79 squares had 92 warts. In tracing the connection of these 92 warts 
with weevil attack it was found that 77 at least, or almost 84 per cent 
of the total, resulted from egg punctures. The other 15 warts, or 16 
per cent, were assigned to feeding punctures, though some of these 
may possibly have been egg punctures in which decay had concealed 
all trace of the eggs or small larve. One-half of the eggs found were 
- in punctures closed by developed warts, and it is likely that most of 
the other half were of too recent deposition for warts to have formed. 
Three-fourths of the larve found in this lot were in punctures which 
had been overgrown by warts. 

In another series of 35 older squares, 38 warts and 32 eggs, larve, 
and pupe were found. ‘This series also shows that at least 84 per cent 
of the warts resulted from egg punctures. The conclusion seems jus- 
tified, therefore, that warts may be considered as the most conspicu- 
ous external indication of the presence of the weevil in some stage 
within the square. 

It should be noted in connection with warts that feeding frequently, 
and oviposition somewhat more rarely, is followed by a peculiar gel- 
atinization of the injured portion of the square. This condition spreads, 
and the change produces a considerable internal pressure, so that the 
square becomes distorted and bulges, especially at the place where the 
puncture was made. The bulging portion often resembles somewhat 
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a wart formation, but its real nature is very different. In many cases 
the gelatinized condition appears to have caused the death of the 
young larve, either by the pressure or by the abnormal condition of 
the food supply. In a large number of cases, however, this condition 
undoubtedly results from what were feeding injuries Sale 


EFFECTS OF OVIPOSITION UPON SQUARES. 


The method of recording the progress of injury to each square, as 
was done in the field cages, has furnished much data upon a number 
of important points. Among these the two of most importance are, 
in order of their occurrence, the flaring and the falling of the square. 


FLARING. 


The flaring of squares (PI. XV, fig. 67) is one of the most apparent 

signs of weevil presence, although by no means an invariable accom- 
paniment, as it is usually thought to be. Squares flare in nearly as 
large a proportion of cases from adult feeding injury alone as from 
larval injury within. Any injury severe enough to cause the falling 
_ of the square is as liable to cause flaring as is the larva of the weevil. 
Flaring results from an unhealthy condition, whatever may be the 
cause, and is frequently to be seen in squares which are about to be 
shed, though they have never been injured by any insect. However, 
fay el come to be popularly associated with weevil injury, ane 
must therefore be quite fully considered. 

When resulting from weevil injury, flaring does not begin, as a rule, 
immediately aes the injury, but only within from one to three days 
of the time when the square will be ready to fall. In especially 
severe cases of feeding injury, flaring often results in less than twenty- 
four hours. Occasionally the growth of the square overcomes the 
injury from feeding and the involucre, after having flared, again 
closes up and the square continues its normal development as though 
uninjured, and forms a perfect boll. More frequently the flared square 
gradually loses its healthy green, becoming a sickly yellow in color, 
and falls in a short time. 

When injured by the feeding of a young larva as the direct result 
of successful oviposition, flaring has been found in an average of 139 
cases to take place in almost exactly 7 days from the deposition of 
the ege. These observations cover the season from June to Septem- 
ber, when the developmental period averages about 19 days. Fully 
one-third of the weevil’s full development has, therefore, taken place 
before flaring results. A considerable proportion of injured squares 
fall without any distinct flaring of the involucre having taken place. 


FALLING. 


Squares injured by larval feeding within always fall, except the 
small percentage which, though entirely cut off from all vital connec- 
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tion with the plant, still remain hanging thereon bya small strip of 
bark and gradually become dry and brown upon the plant. Falling is 
but the natural final consequence of injury or disease (Pl. XV, fig. 68). 
Whatever its cause, it is brought about in exactly the same way as 
the shedding of leaves by the plant in the fall, by the formation of an 
absciss layer of corky tissue cutting off the fibro-vascular bundles sup- 
plying nourishment to the square. The exact location of the cork 
area is to be seen at the scar left by every fallen square. — E 

In 539 cases definitely noted between June and September, 1903, 
the average time from egg deposition to the falling of the square was 
9.6 days. For this same period full development required an average 
of 19 days, so that falling occurred at the middle point in the weevil’s 
development. From a comparison of the time of flaring with that of 
falling it is seen that the interval between these two points averages 
about 2.5 days. In late fall the time between oviposition and falling 
of the squares, as recorded in 21 cases, was found to be about 16 days. 


PERIOD OF OVIPOSITION. 


With the exception of hibernated weevils, it appears that oviposi- 
tion begins with most females within a week after they begin to feed 
and continues uninterruptedly until shortly before death. While 
females frequently deposit their last eggs during the last day of their 
life, a period of a few days usually intervenes between the cessation 
of oviposition and death. 

In the case of 52 hibernated females the actual period of oviposition 
averaged about 48 days, the maximum being fully 92 days. 

In an average made with 21 females of the first generation the 
actual period was almost 75 days, the maximum period being 113 days. 

The average period for the females of the first two generations 
appears to be longer than that for any other. In the third generation 
the average period for 11 females was 58 days, the maximum being 99 
days, and in the fifth generation for 5 females the period averaged 48 
days, with the maximum only 62. 

The approach of cold weather cuts short the activity of the weevils, 
which become adult after the middle of August, thereby decreasing 
the length of their oviposition period. Weevils which pass through 
the winter actually live longest, but as it must take more or less vital- 
ity to pass through the long hibernation period their activity in the 
spring is thereby lessened. 

The weighted, average period of oviposition of the 89 females here 
mentioned is 55.6 days. 


ORIGINAL HABIT OF DEPOSITING EGGS MOSTLY IN BOLLS. 


In the evolution of the species of insects the abilities to change, to 
adapt, and to specialize are important factors. Such abilities may be 
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manifested in various directions and so produce various results in 

form, habitat, habits, etc. Undoubtedly the boll weevil is now chang- 
ing in adaptation toa climate quite different from that in which the 
original species was produced. It has become also highly specialized 
as to food, having so far as we can learn but a single food plant—cotton. 
It is a fair question, therefore, to consider whether it has changed in 
its essential relations to the fruit of this plant since it first began to 
appear upon it. 

When first reported to the Department of Agriculture as an inju- 
rious Insect (see footnote, p. 17) the specimens of the weevil were bred 
from the bolls of cotton. As conditions are now found in Texas, by 
_far the major part of the weevils are developed in squares. Itisa 
question of interest, therefore, whether the predominant original habit 
was to breed in bolls or in the squares of cotton. An examination of 
the breeding habits of other species of the genus Anthonomus shows 
that there is a great diversity of habit in this respect. A comparison 
of the length of the period of development in squares and bolls shows 
that in bolls the period may be fully three times as great as it is in 
squares. Is the longer or the shorter period of development the more 
normal? Comparison with other species of the genus indicates that 
the longer period is more typical and therefore more original. The 
very short period of development in squares and small bolls has 
resulted from an adaptation to the reduced food supply, which in 
squares especially is limited in quantity and of a very perishable 
nature. The general conclusions from these considerations would 
indicate that originally this species bred principally upon the bolls and 
had few generations in a season, but through gradual adaptation to 
changed conditions in the growth of the cotton plant the weevil has 
now come to develop mostly upon the squares, thus producing many 
generations in a season and greatly increasing the capacity of the pest 
for serious injury. 


DOES PARTHENOGENESIS OCCUR? 


To test the possibility of weevils reproducing parthenogenetically 
about 40 individuals were isolated from the very beginning of their 
adult life. Hach beetle was supplied daily with fresh, clean squares and 
careful watch was kept for eggs. The first noticeable point was that 
no eggs were found till the weevils were about twice as old as females 
usually are when they deposit their first eggs. After they began to 
Oviposit, it was found that a very small proportion of the eggs were 
deposited in the usual manner within sealed cavities in the squares, 
but nearly all of them had been left on the surface, usually near 
the opening to an empty egg puncture. This same habit was shown 
by a number of females, and so can not be ascribed to the possible 
physical weakness of the individuals tested. The number of eggs 
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deposited was unusually small, and those few placed in sealed cavities 
failed to hatch. After somewhat more than a month had been passed 
in isolation, a few pairs were mated to see if any change in the manner 
of oviposition would result. The very next eggs deposited by these 
fertilized females were placed in the squares and the cavities sealed up 
in the usual manner, showing that the infertile condition had been the 
cause of the abnormal manner of oviposition. 

Exteriments made in 1903 and in 1904 agreed perfectly in general 

results. . 


DEVELOPMENT. 


PERCENTAGE OF WEEVILS DEVELOPED FROM INFESTED 
SQUARES. 


During the season of 1902 part of the many squares gathered in 
infested fields for the breeding of weevils were followed to learn some- 
thing of the percentage which produced normal adults. No exam- 
ination was made for those not yielding a weevil. The decay of the 
square during the period from its falling to the maximum time that 
must be allowed for weevils to escape normally so obliterates any 
small amount of work by a larva that it is difficult, even with exam- 
ination, to determine accurately the number of dead small larvee. 


TaBLeE X XI.—Percentage of weevils from infested squares. 


Percentage 
Number | Number |” 
Locality. Approximate date. of oS 
squares. | weevils. ee 
1902. 
Wictoria, exsseu2e. ore DULY LO: AUMUIStes oss wee cs teen ee 1,125 360 32.0 
Guadaipe, T exec ho. a sce st AI OUIST SE tre sche ela me aieelc perc mare oe eS 387 108 28.0 
1903. 
WittOria, “T CXts.. 5. 2o- see oee ee UM Ge Sete ss we cas be sen cee ee 334 106 82.0 
DOs see. ea: apf Re tee PUTS COPA OTISG coat ce aye ciclo e wie ee eee 873 355 41.0 
1D Fey Sean ee ea Pasion August to September : 22.20 .cecc.ccecs 368 192 52.0 
: 1904. . 
WOGes=.'. 2s voee ee sh eee June to September..... sistas oth ener este 951 469 49.3 
OLA eRe co ee pe Secs hen ewe Bla = wad Sislae Ssh ale as cele 4,038 1,590 39.4 


It seems safe to conclude that throughout the season fully one-third 
of the squares which fall after receiving weevil injury may: be expected 
to produce weevils. 


DEVELOPMENT OF WEEVILS IN SQUARES WHICH NEVER FALL. 


| 


i It is generally true that squares seriously injured by the weevil 
sooner or later fall to the ground. Some plants, however, shed the 
injured squares more readily than do others. It seems to be a matter 
of individual variation rather than a varietal character. Thus occa- 
sional plants retain a large proportion of their infested squares, which 
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Fig. 69, Infested squares not fallen but hanging dried upon plant; fig. 70, refrigerator 
designed for breeding weevils at low temperatures; fig. 71, boll opened, showing 
three large larve in one lock; fig. 72, apparatus used in studying effect of temperature 
upon weevil movement—fig. 71 reduced to two-thirds natural diameter (original). 
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hang by the very tip of the base of the stem. Normally the squares 
are shed because of the formation of an absciss layer of corky tissue 
across their junction with the stem. In the case of the squares which 
remain hanging the formation of this layer seems to be incomplete, or 
else it becomes formed in an unusual plane, so that while the square is 
effectually cut off, it merely falls over and hangs by a bit of bark at | 
its tip (Pl. XVI, fig. 69). In this position it dries thoroughly and 
becomes of a dark-brown color. This peculiarity reminds one strongly 
of the European Anthonomus pomorum, the work of which, in causing 
apple buds to hang dead upon the trees, has caused the common name 
of ‘‘ Brenner” to be applied to it. Plants showing 6 or 8 of these 
dried brown squares are quite common in infested fields. Although 
exposed to complete drying and the direct rays of the sun, the larve 
within are not all destroyed. 

At intervals during the summer of 1903 such dried squares and 
small dried bolls were picked for careful examination in the labora- 
tory, the condition of 342 being recorded, with the following results: 
_ Adults present 2, escaped 23; pupx alive 29, dead 2; larve alive 85, 
dead 47; parasites present 44, escaped 6. Sixty-three squares which 
failed to show weevil work and 42 small dried bolls from which the 
corollas had fallen were probably destroyed largely by the feeding of 
the weevils. Taking the total number of squares and bolls examined 
as the basis of computation, it appears that 69.3 per cent of them 
showed weevils present in some stage. Of the immature stages, 30 - 
per cent were dead, 14.6 per cent having been parasitized. It seems 
a conservative estimate therefore to say that fully one-third of these 
exposed dried squares may be expected to produce adults. Consider- 
_ing the exposed condition of such squares this seems to be a very high 
percentage. 

The season of 1903 was not as hot at Victoria as was that of 1902, 
and the lower temperature prevailing may have favored the develop- 
ment of a larger proportion of the weevils in these squares than would 
normally emerge. The maximum temperature reached in 1902 was 
104.3° F., while in 1903 the maximum was only 97.5° F. No examina- 
tions of this subject were made in 1902, and therefore no positive 
comparisons can be drawn. The observations made, however, cer- 
tainly show that a complete drying of the square does not necessarily 
destroy the larva, and that a square may undergo far more exposure 
~ to direct peice than had been supposed possible without causing 
the death of the larva or pupa within. 


DURATION OF THE LIFE CYCLE. 


This question has been studied carefully, both in the laboratory 
-and in the field. Most of the observations made in 1902 were in the 
laboratory, while those of 1903 and 1904 were in the field. 
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In the laboratory uninfested squares were exposed to active weevils 
for oviposition, and the supply of clean squares was renewed each day. 
The beginning of the cycle was thus known to within a few hours. 
The squares with eggs were carefully kept and the date of emergence 
of each adult was then noted. To the period thus found must be 
added the time intervening between the leaving of the square and the 
deposition of the first eggs. This gives the period of the life cycle. 
The material upon which these observations were made was necessarily 
other than that used in determining the duration of the various stages. 
The period in bolls is far different from that in squares. The figures 
here given refer to squares. 


TaBLe X XI1.—Period of life cycle in squares. 


Time in period of 


Observations. development. Average time. | Dijon ai we 
Adult to : 
: Num- . .- |Period of| Average; Total 
Period covered. her Range. Average. —— cycle. | effective.| effective. 
1902. Days. Days. |. Days. Days. OFF 
August 10 toSeptember 30......... 96-| 10-18 13.4 5.0 18.4 754.4 
September 16 to October 15.....-.. 305 | 12-25 17.5 7.0 24.5 823.2 
October 8 to November 16......- = 66 | 14-23 20, 2 9.0 29, 2 864, 4 
-1908. 
Field, first generation— 
JUME- ATO) JUV Dae are eines are 100 | 12-22 18.3 5.6 aad 764.8 
August 20 to September 28..... ‘180 +. 18-26 19.0 5,0 24,0 794, 4 
1904. 
Field, generations 1-5.....-...---. 469 | 12-30 20.0 5.0 25.0 975.0 
TOG Ss ee Spee = ae Se eS a 1, 216 10-30 18.5 5.8 24.34 873.3 


These observations cover the season from June 4 to November 16. 
Reproduction undoubtedly begins somewhat earlier and continues 
later in the average season at Victoria, but any differences which 
might be found at the extremes would not materially affect the loca- 
tion of the mean in so largeaseries. The influence of varying tem- 
perature during the same period but in different seasons is clearly seen 
by a comparison of the figures for August 10 to September 30, 1902, 
with those for August 20 to September 28, 1903. The period for 
1902 was exceptionally warm, as shown by the high average effective 
temperature, while in 1903 it was decidedly cooler, the difference 
averaging 8° F.; consequently the average period for the cycle was 
fully six days greater in 1903 than in 1902 at the same season. 

Determinations of the duration of the life cycle in bolls have been 
made in only a few instances. In 7 cases between August 15 and 
November 11, 1903, the average time required from the deposition of 
the egg to the escape of the adult from the opening boll was 61 days. 
The average effective temperature for the period was 31.7° F., and. 
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the average total effective temperature required for development in 
‘bolls was therefore 1,933.7° F., or nearly two and one-half times as 
much as in squares. Several larve often develop within a single boll 
(Pl. XVI, fig. 71). They appear to remain in the larval stage until the 
boll becomes sufficiently mature or so severely injured as to begin to 
dry and crack open, When this condition of the boll is reached, 
pupation takes place, and by the time the spreading of the carpels is 
sufficient to permit the escape of the weevils they have become adult. 


_ BROODS OR GENERATIONS. 


The term ‘‘ brood” can hardly be applied in its usual sense to the 
generations of the weevil, as was pointed out by Doctor Howard in the 
first circulars of the Bureau dealing with the problem. For several 
reasons no line of distinction can be drawn between the generations in 
the field at any season of the year, not even between hibernated wee- 
vils and the adults of the first generation. As has been shown, the 
period of oviposition among hibernated females is in some cases fully 
3 months, while it averages 48 days. ‘The average period of the full 
life cycle for the first generation, as shown in Tabie X XII, is 25 days, 
and as the time for the second generation would be slightly less, it is 
evident that the first eggs for the third generation may be deposited at 
the same time as those for the middle of the second generation, and 
also with the very last of the eggs deposited by hibernated females 
for the first generation. The great overlapping of generations thus 
produced prohibits the application of any of the common methods of 
ascertaining their limits. The complexity indicated for the first three 
generations becomes still further increased as the season advances, so 
that in October, for example, a weevil taken in the field might possibly 
belong to any one of five or six generations. Duration ot life and the 
period of reproductive activity are important factors in determining 
the average number of generations. Periods of greatest abundance 
can not be regarded as giving any reliable information upon this point, 
since the number of weevils developed soon comes to depend largely 
upon the supply of squares. 

In the case of the boll weevil, Pierofors, the information upon the 
_ number of generations must be seosth mainly from laboratory sources, 
but the results are supported by observations made in the field. Many 
of the hibernated weevils continue to deposit eggs until the middle of 
- July, and some are active for fully a month longer. In 1903 the last 
eggs from hibernated weevils were deposited on August 27. In the 
course of breeding experiments made in 1902 it was found that many 
weevils which had become adult about the 1st of August would con- 
tinue to deposit eggs until the latter part of November. Considering 
the longest-lived weevils and their last-laid eggs, therefore, it is easily 
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possible for two generations to span the entire year. The weevils 
developing after the middle of November may go into hibernation, and 
from their last-deposited eggs produce weevils whose last offspring 
will be ready for successful hibernation again. This conclusion is 
based upon actual demonstration. 
- The maximum number of generations will bs foul by taking the 
first, instead of the last, deposited eggs in each case. Rather than lay 
the pomsiiine open to question by taking the figures found for occa 
sional minimum length of the life cycle, we will take the 25-day 
period, which has been shown to be the average between June 4 and 
November 16. Without doubt hibernated females begin their repro- 
ductive activity in average seasons by May 1 in the locality of Vic- 
toria, and their descendants continue to develop normally until after 
November 15. Taking the dates mentioned, however, as the average 
season for the weevils, we find that eight generations, each having the 
average period of development, may usually be produced within the 
year. 

In (eoece the average number of generations one- -third@ the 
average period of oviposition should be added to the average life cycle 
for each generation. As it has been found that the average period of — 
oviposition is about 555 days, we must allow 25 days for the develop- 
ment of the average adult and 18 more days for the female to deposit 
one-half her eggs. Forty-three days is therefore about the average 
Jength of a generation; and we may thus count onan average of about 
five generations between May 1 and December 1. In the northern 
part of the weevil territory, where the season is shorter and the pre- 
vailing temperature lower, probably only four average generations are 
developed. This theoretical conclusion is fully confirmed by the 
results of breeding experiments conducted at Victoria and Terrell dur- 
ing the season of 1904. 

There is no basis for the idea that there is a distinct hibernation 
brood. ‘The activity of the adults and the development of the imma- 
ture stages is gradually retarded by the decline in temperature until 
hibernation time arrives. Most of the weevils of the first two or three 
generations have probably died, or then do so, while most of the adults 
of later generations, having still considerable vitality, will go into 
hibernation. It is certain that every generation preceding may have 
some direct part in the production of weevils which shall hibernate. 
All weevils which are still strong and healthy when cold weather comes 
on may be expected to go into hibernation, so that there can be no 
special brood for this purpose. 


«One-third is nearer the correct fraction than one-half, since it has been found 
that weevils deposit considerably more than one-half of their eggs during the first 
half of their oviposition period. 
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POSSIBLE ANNUAL PPOGENY OF ONE PAIR OF HIBERNATED 
‘ WEEVILS. 


One of the most important factors in the development of an insect is 
its capacity for very rapid production. The conclusions as to the ability 
of the boll weevil in this respect are drawn from the following data, sum- 
marized from what has been set forth in preceding pages of this bulletin. 
The starting point is considered to be the average date of deposition of 
one-half of the eggs for the first generation at Victoria, Tex., which, 
under the usual conditions, seems to be about June 10. The average 
number of eggs deposited by a female was found to be 139. For the 
purpose of this computation, 100 is the assumed number. ‘The differ- 
ence mnay be considered as an allowance for mortality or failure to 
hatch. The average period of development for each generation is 19 
days. The average period between emergence of the adult and deposi- 
tion of the first eggs is 6 days. Theaverage period for the deposition 
of one-half the eggs for each generation is 18 days, thus making the 
average period for each generation 43 days. The sexes are produced 
in, approximately, equal numbers. For the sake of conservatism 
allowance has been made for only four generations in a season. The 
following table shows the rate of multiplication and the corresponding ' 
dates: 


Annual progeny of one pair of hibernated weevils. 
Weevils. 


First generation, average adult June 29, numbering ................---- 106 
Second generation, average adult August 10, numbering.........--.....- 5, 006 
Third generation, average adult September 22, numbering............-- ~ 250, 000 
Fourth generation, average adult November 4, numbering.-............- 12, 500, 000 

we DEL SE eS ee age ee 12, 755, 100 


As a matter of fact the multiplication during the early part of the 
season is so much more rapid that it is very certain that a large part 
of the third generation becomes adult by the middle of August. Pos- 
sibly a more definite idea of the significance of this ability for repro- 
duction may be obtained if we consider that, at the conservative rate 
given, the progeny from one fertile hibernated female might, m the 
course of four generations, number three weevils for oe, square foot 
of area in a 100-acre field. 

As a matter of fact the possibility of the sanitiplicaton is controlled 
primarily by the abundance of food supply. As may be seen by ref- 
erence to Table X XIX, page 114, the maximum infestation is usually 
reached some time in August. If we assume that there are 6,000 
plants on each acre of ground, and that each plant produces 100 squares 
for weevil attack up to August 1, we would find that if the usual per- 
‘centage of these squares produce weevils, the actual multiplication 
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would be limited to about 250,000 weevils per acre. The possibility 
that the progeny of one weevil will amount to 12,000,000 in the course 
of a season would therefore rarely if ever be realized. 7 


THERMAL INFLUENCE UPON ACTIVITY AND DEVELOPMENT. 


The influence of temperature has been frequently mentioned as an 
important point, but it may be more clearly understood by collecting 
some of the most important observations relating to it. A study of 
this subject throws much light upon such questions as seasonal and 
daily activity, the rapidity of development. at various seasons, hiber- 
nation, and the time of emergence from hibernation. The influence 
upon development will be first considered. For a portion of these 
observations an ice box was especially designed and constructed to 
facilitate observations at low and constant temperatures. (See 


Pl. XVI, fig. 70.) 


Taste XXIU.—Thermal influence on development. 


Effective tempera- 


Number Average ture. - 
Stage. of obser- Period: . time for : 
vations. ' gtage. 


a a | a 


1902. Yy ; FP. 
2 B8on| Sept 4 perOCk onacce es emia cic rialameve lee 3— 38. 0 114.0 
Hee LOT.) Oct. FiO NeOy toQ5- 2 Sas ace sone eee 4+ 30.0 120.0 
eas ir eee 36 |! Now. 24 te Dea 1S bo 00. tae ooo oe “71.0 19.0 209. 0 
88") Iee-box-expermients, 1904 Pen. . as assee oe 5.1 27.0 137.7 
» » 185. Sepits 6 tie Get. Bein s saat ans pees ee Acca 7-8 35.7 267.7 
Lharie 15: | (Sept. 26 to Oet— 2h oes oo ee een the 9. 5: 30. 6 280. 7 
Fe Poe Soa L5H NOE RE tarnbee: ho. Soa ee ae creat 25.0 19.5 487.5 
88 | Iee-box experiments, 1904 ..-.....2.....- 12.5 27.0 337.5 
TG |) SRE 6 te Ab sos - oa wears aoe es SRS 35 39. 65 138. 8 
SE | sSe pilot iss ak esas tea coerce 5.2 36.0 187.2 
a LOW Sept. 24 tOOCbs 25) cae acres cle etic eraereee 6.0 31.1 186.6 
|e Nas nea plea D8 Whar ete TE om nee are he I 7.6 26.2 199.1 
A ROCe A UOl oe nae tye eae ante siete aa ciate ee 14.5 18.5 268. 2 
88 | Iee-box experiments, 1904 2. 22.205.-522: 7.9 | 27.0 202.5 
| 66 | Amer 20 to Sept. 30.0.0. 22. oc0s-- cee een o 13.4 | 41.0 549.4 
SOG) SC pie MLS LOO belt Ee kee ae ne naan eos 17.5 33. 6 588. 0. 
6G! Cet Sach. Me coe oc See coe. tie 20.3 29.5 598. 8 
Entire develop- 

mental period. 1903. 
e ROG We CHER ROU DIEMI TREE acca ances erect ane walang! ney ra 'm, 18.3 | 32.0 585.6 
ES PARA PO SOP te OO ercinis ls a Scie cleo oswicin we 19.0 33.1 628.9 
135, |. lee box, 1904... ae ears a ke = eel 30. 0 690. 0 


SUMMARY OF THE PRECEDING TABLE. 


Total peli oo pth PS bene 
' cn | DCEO effective | effective 
Stage. rte for _ | tempera-| tempera- 

: stage. ture. ture. 

Days. be Crs 
TOO doin on See noes Sac ea cee Se ee ena ya 616 4.0 34.0 136.0 
EGE 55 a ore Bae ee Net ee ey parative 313 9.8 JB 315.6 
1241043. re ee ese EE Is OE ake ee oe 5380 5.5 See, 182. 6 
ee | at a 
Total development, sum of stages ....-....---:..-------- 1, 459 19.3 Se 634.2 
Observations on entire period... 2. 2. eemeen ce ecco ewer Sean 887 19.6 32. 2 632.0 
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In studying the influence of temperature on development the figures 
upon the separate stages serve best, as they give the widest range. In 
each stage it may be seen that the maximum time is nearly, if not 
quite, four times the minimum, while the average effective tempera- 
ture difference is in the inverse order, but about 2 to1. In compar- 
ing the minimum and maximum total effective temperatures, it appears 
that when the average temperature is lowest the total heat required 
to complete the development of the stage is nearly twice as great as 
when the average temperature is highest. The length of the develop- 
mental period is therefore not exactly inversely proportional to the 
change in temperature. The retarding influence of decreasing tem- 
perature appears to affect each of the immature stages in very nearly 
the same degree. The total effective temperature required forms a 
- specific constant, which is fairly uniform for average effective tem- 
peratures of between 30° and 40° F. These temperatures would, 
during most seasons, prevail from June to October, inclusive. As 
the average effective temperature falls below 25° F., however, there 
results a great and disproportionate retardation in the development. 
The reason for this difference may lie in the fact that when tempera- 
ture is ascending from 32° F. it must attain a higher point to start 
weevils into activity than that at which the same weevil will cease 
activity when the mercury is going down. 

The observations upon the length of the entire developmental period 
were made upon several different series of weevils. As is clearly- 
shown in the summary given in the latter part of the table, the sum 
of the average lengths of the three stages agrees remarkably closely 
with the length of the entire period as found in the 887 cases observed. 
This close agreement, reached by entirely different methods, indicates 
that the series from which the averages are obtained are sufficiently 
large to give constant results, and therefore that the average period 
of development throughout the season of weevil activity is very close 
to 19 days. 

This thermal influence upon activity in feeding and oviposition may 
be shown by taking various lots of weevils at intervals through the 
season. For this purpose the work of 10 males and 10 females has 
been selected, using the laboratory records for each lot. The time 
covered is 25 days in each case to secure a fair average, and 25-day 
intervals separate the lots from each other. The season thus covered 
begins with June 6 and ends with November 28, 1903. To make the 
comparison fair, average conditions as to sex, age, and individual 
activity must be established, and the records have been selected with 
these conditions in view. 


100 


TABLE X XIV.—Thermal influence on activity in feeding and ovipositing. 


Average per . 


_ Total. Daily average. . weevil daily 


Average 
Penal effective 


Num- | Number 
tempera-| Feeding Feeding Feeding 


ber of of fe- 
males. | males. 


ture. pune- | Eggs.| punc- | Eggs.| punec- | Eggs. 
tures. tures. tures. 
1908. OF: 
10 LOS |e Inme'G; tO SOEs. se 32.1 2,189 794 87.6 | 31.8 4.4 3.2 
10 10 | July 25 to Aug.19.... 36.5 7 ays ALO 93.0 | 42:4 4.7 4,2 
10 10 | Sept. 14 to Oct. 8..... SPA 1,540 ee 61.6 | 26.4 3.1 2.6 
10 LOM ENO Vere LOMeeeeaeecee 24. 6 | 900 17 36. 0 8.7 1.8 0.9 


_- The average number of daily feeding punctures is reckoned for both 
sexes alike. Though the females made more than half, the propor- 
tions can not be positively separated, and it would make no difference 
if it could be done. It is noticeable that the period of greatest actiy- 
ity comes in midsummer, with the first, second, and third generations 
actively at work. Hibernated weevils working in June show greater 
activity than do the mixed generations which occur together in Septem- 
ber and October, though the temperature does not greatly vary. In - 
November, with a marked fall in temperature, there is a corresponding 
decrease in work, but especially is this noticeable in egg deposition. 
It appears that at this season and later on the weevils are mostly eating 
to live until it becomes cold enough for them to hibernate. 


INFLUENCE OF RETARDED DEVELOPMENT UPON SEX. 


For these experiments five lots of selected infested squares were 
picked from plants in the field. In most cases the eggs had been 
deposited long enough for warts to become fully developed; in other 
cases the squares showed egg punctures which had been made so 
recently that warts had not yet formed. The age of the infestation at 
the time the squares were picked ranged, therefore, probably between 
twoand sixdays. These infested squares were kept ata low temperature 
in the ice box especially constructed for the purpose. ‘Two lots were 
kept at about 45° F. during the night, but removed to ordinary out- 
door temperatures during the daytime, cold and warm thus alternating. 
Three lots were kept continuously at a temperature ranging between 
62° and 70° F. The checks upon these experiments were all kept at 
ordinary outdoor temperatures. The plan was to determine each day 
the sex of such weevils as emerged. From the check lots of squares 
36.4 per cent of the weevils emerging were males, and these required 
upon an average a total effective temperature of 588.8°. The 63.6 per 
cent of females required an average total effective temperature of 587°. 
The results of the tests are shown in the table on page 101. 
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TABLE XX V.—Influence of retarded development upon sex. 


Mean av- | Average time under Average total effective 


: hat t ture. Number | Number ture. 
=. that temperature SE COME Foaiiais temperature 
perature. Males. Females, |Produced.|produced.|  arajos, Females. 
oI Oe Days. Days. , OOH: oR: 
18.4 37.6 34. 0 3 18 692 625.0 
19.5 28.9 28.6 30 - 22 563 563. 0 
23.0 20.8 19.8 25 33 478 |. 455.0 
23.0 22.0 22.2 25° 20. 506 511.0 
23.0 28.8 25.9 a 10 662 596. 0 
a21.4 a25.4 a25,1 6100 6108 a 548 4531.3 


a Average. b Total. 


~ With lots 1 and 2 the temperature alternated from an average of 
33.8° effective temperature during the daytime to an average of 8° 
effective temperature at night. Number 1 became very dry, and 
development was slightly delayed because of this fact. Among the 
squares kept continuously at a low temperature, lot 5 was under test 
for a larger portion of the developmental period than any other lot. 
It is noticeable that in this case, in which the influence of the low tem- 
perature was continued for the longest time, the largest proportion of 
males was produced. Asa whole, the table shows that there is a com- 
paratively slight difference between the average of the total effective 
temperature required for the development of males and that required 
for femaJes. A careful study of the table indicates that development 
ata low temperature has some tendency to produce a larger proportion 
of male than female weevils, and this is certainly the case in the late 
autumn (see p. 44). 


LABORATORY EXPERIMENT IN EFFECT OF TEMPERATURE UPON 
LOCOMOTIVE ACTIVITY. 


The experiments here given were performed by Dr. A. W. Morrill. 
In the absence of apparatus especially designed for such work, use 
was made of a very simple device, constructed as follows: 

A thermometer was passed through a cork and inclosed in a test tube, 
which in turn was placed within a hydrometer cylinder of sufficient 
depth to inclose it (Pl. XVI, fig. 72). 

Weevils were inclosed in the test tube with the thermometer, and 
the temperature of the cylinder varied either by heating gently or by 

the use of ice water. Starting with the thermometer at 64° F. the 10 
_ weevils inclosed were found to move slowly, half of them being quiet. 
As the temperature was gradually raised tHe activity of the weevils 
increased up to 105° F. When the temperature reached 95° F., or 
over, the weevils were running up and down the tube. By filling the 
cylinder with cold water the temperature was lowered to 86° F., at 
which point the weevils began to cluster at the top on the cork and 
were crawling slowly. By the addition of ice in the cylinder the tem- 
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perature was lowered-to 59° F.,at which point 5 weevils were sprawl- 
ing on the bottom of the test tube or clinging to one another, 4 were’ 
clustered on the stopper, while 1 was slowly crawling downward. At 
50° F. 6 weevils at the bottom showed slight signs of life and 1 was 
crawling slowly. At 45.5° F. shght signs of life were still shown, 
while at 40° F’. oecasional movements only were noted. Upon the tem- 
perature being raised weevils began crawling as 50° F. was passed, and 
at 64° F. all had left the bottom and were crawling upward. Some 
recovered much more quickly than did others. 

The temperature was again lowered, this time by the use of salt with 
ice. AJl movement ceased at 37° F. The cooling, however, was con- 
tinued to 33° F., after which it was slowly raised to 42° F., at which 
point ae began. 

In a general way these results agree quite closely with waited 
observations. 


GRADUAL DEVELOPMENT DURING HIBERNATION IN SOUTH 
TEXAS. 


In southern Texas larve and pupe which are in squares when frost 
comes are not always killed thereby, but slowly finish their develop- 
ment if the weather is warm enough for any activity, and the young 
adults thus developed may live the winter through without feeding. — 
As observed by Mr. E. A. Schwarz.in the winter of 1901-2, weevils 
may pass the winter in either larval, pupal, or adult stages, but the 
last named is by far the most common stage. 

It is likely that a large part of the weevils found in the squares and 
bolls during the first part of the winter will be in the larval stage, 
while, owing to the slow development which takes place, a larger per- 
centage of adults will be found toward spring. Mr. J. D. Mitchell, 
of Victoria, Tex., took a number of live larve, pupe, and adults from 
bolls in a field in that locality on December 26, 1903, after ‘‘ two hard 
frosts and one freeze.” Two weeks later, from a field at the same 
locality, after three hard frosts and two freezes, he took another lot 
of live specimens in these three stages. In the latter case the bolls 
examined were on stalks which had been plowed out two weeks before 
and were ready for burning at the time examined. Mr. Mitchell, who 
is an excellent and reliable observer, writes: ‘‘ On December 26 there 
was still some sap in the cotton eds: ” and on January 10, when the 
second examination was made, Ce bece was absolutely none.” ‘* The 
larvee seem to thrive and ae at perfection in the dead and dried 
bolls. A frost or freeze at 30° F. does not hurt the larve or pupe in 
dead bolls in the field.” As thetwo lots, taken together with four others 
sent January 17, 31, and February 7 and 14, 1904, include 197 specimens 
(23 larvee, 30 pupe, and 144 adults), itis evident that large numbers of 
weevils go into the winter in the immature stages, and there is every 
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probability that, in the southern part of the State at least, many of 
them live and mature, emerging in the spring. It may be that this 
gradual maturity of the hibernated weevils is one of the reasons why 
they emerge so irregularly from their winter quarters. 


SEASONAL HISTORY. 
HIBERNATION. 
ENTRANCE INTO HIBERNATION. 


Not ail weevils go into hibernation at the same time, but as the mean 
average temperature falis to between 55° and 60° F. they gradually 
cease feeding, and, numbed and sluggish, they crawl into almost any 
place which furnishes them some measure of protection from the cold. 
_ Even after frosts have blackened the foliage and squares and entirely 
checked the growth of the plant, some weevils can be found moving 
in a cotton field upon warm days. Weevils which are old and nearly 
exhausted die as the cold weather comes on. Their vitality has been 
expended in other ways and they do not survive the winter. Many of 
those which are still vigorous and strong will continue to feed a little, 
and females will occasionally deposit eggs so long as cotton remains 
ereen. 

Temperature and available food supply seem to be the most impor- 
tant factors in determining the time of hibernation. In general, it 
may be said that many weevils are active so long as their food con- 
tinues in fit condition to sustain them. Some, however, undoubtedly 
seek shelter before frosts occur. From numerous observations made 
in the laboratory, it appears that weevils will starve when deprived of 
cotton if the mean average temperature continues long above a point 
somewhere betwéen 60° and 65° F. As the mean average falls below 
60°, hibernation may take place successfully. 

In determining the latest date at which the stalks may be destroyed 
and still accomplish as great destruction.of the weevils as is possible, 
it is important that we should know approximately the time at which 
_ weevils begin to go into hibernation. Naturally, this time will vary 
considerably between the northern and southern portions of the State, 
the variation being parallel with the fall in temperature. Terrell, 
Tex., was one of the northernmost localities available for observations 
in 1904. Unfortunately conditions at this point were so modified by 
defoliation of the cotton by the leafworm in October as to interfere 
considerably with the normal action of the weevils. In portions of 
the fields which remained green most weevils disappeared during the 
latter part of October and the first of November. Throughout Novem- 
ber a few weevils still remained active, and occasionally upon warm 
days weevils emerged from infested bolls. 
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At Victoria a series of observations begun on November 11 showed 
that there was a decided falling off in the number of weevils to be 
found in the fields between November 20 and December 8. Between 
November 11 and 19 five examinations, covering a total cf 8,157 
squares, showed that at that period one square in nine, or 11 per cent 
of the squares, sheltered an adult weevil. By December 8 an exami- 
nation of 2,000 squares showed that the percentage had fallen to 6. 
At Victoria, therefore, it is evident that the burning of stalks should 
have been practiced not later than November 15 to 20. This period 
followed closely the occurrence of the first light frost on November * 
12, 1904, and it is probable that some such general relationship to tem: 
perature conditions may be established. The following average mini- 
mum and mean average temperatures prevailed: 


Date Mean Average 
: average. |minimum. 


2) fp OP 
November ditotlice. 2.2 eo sata a is ois sci si re ae ares Sn 62.2 51.8 
Noverbersl? toads: 2. 202 ere ee ae ee ae ee Sie 2s eae ee 59.3 44.3 
NOVEM DEL 19 TOS ee eee ie a ae a ret ek 2s een ge 63.9 55.0 
December to lO ss S es as ois See res ee ee eee eee eee 5d. 6 46.4 


* 


Apparently weevils will begin to enter hibernation any time after the 
mean average temperature falls below about 60° F. 


SHELTER SOUGHT IN HIBERNATION. | 


Hibernating weevils are to be found in many situations in the field. 
Where the cotton stalks are allowed to stand throeughout the winter 
they furnish the weevils both the means of subsistence late in the fall 
and an abundance of favorable hibernation places throughout the field. 
The prospects of successful hibernation are thereby multiplied many 
times; and, furthermore, the weevils are already distributed over the 
field when they first become active in the spring. The grass and 
weeds which almost invariably abound along fence lines are exceed- 
ingly favorable to the successful hibernation of many weevils, so that 
it will -be found generally true that the worst line of infestation in 
the spring proceeds from the outer edges of the field inward. Where 
cotton and corn are grown in adjacent fields, or where, as is sometimes 
the-case, the two are more or less mixed in the same field, many wee- 
vils find favorable shelter in the husks and stalks of the corn. An 
especially favored place is said to be in the longitudinal groove in the 
stalk and within the shelter of the clasping base of the leaf. Perhaps 
the most favorable of all hibernating conditions are to be found among 
the leaves and rubbish abounding in the edges of timber adjoining 
cotton fields. From such places the weevils are known to come in 
large numbers in the spring. The timber fringes present greater 
difficulties in the way of removing the favorable conditions than do 
any of the other places mentioned. 


Bul. 51, Bureau of Entomology, U. S. Dept. of Agriculture. PLATE XVII. 


CONDITIONS FAVORABLE TO HIBERNATED WEEVILS. 


Fig. 73, View of field showing relative size of seppa and planted cotton on April 15, 1904; fig. 74, 
relative size of seppa and planted cotton on May 14, 1904; fig. 75, corner of field around which 
were yery favorable conditions for hibernation of weevils during winter 1902-3 (original) . 
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DURATION OF HIBERNATION PERIOD. 


As the observations upon this point have nearly all been made at 
Victoria, Tex., the statements made refer especially to that locality. 
It must be borne in mind that latitude and altitude, as well as seasonal 
variations, will influence the limits of this period. In general, how- 
ever, it may be said that hibernation begins at about the time of the 
first hard frost, and that it continues until the mean average tempera- 
ture has been for some time above 65° F. In the spring of 19038 
weevils left hibernation quarters at Victoria only when the mean aver- 
age temperature had been for some time at about 68° F. While it is 
true that weevils if disturbed in hibernation are active at much lower 
temperatures than this, for some reason they do not leave the shelter 
of their hibernation places. 

At Victoria, Tex., the average hibernation season may be said to 
extend from about December 1 to about April 1, or a period of about 
4months. In the spring of 1904 weevils began coming from hiber- 
nation. by the middle of March and it is certain that the last had not 
emerged by the middle of May. In more northern latitudes hiberna- 
tion will, as a rule, begin earlier and last later, covering a period of 
from 4 to 5 months. 


APPARENTLY FAVORABLE CONDITIONS FOR HIBERNATION. 


In December, 1902, a series of experiments was started to test the 
influence of various conditions upon the successful hibernation of 
weevils. Owing to the writer’s absence from Victoria examinations 
could not be made at intervals, as would have been desirable. But at 
the middle of April, 1903, careful examinations were made to ascer- 
tain the shelter in which live weevils were found. In the preparation 
of hibernation jars several inches of dirt were placed at the bottom, and 
above that a variety of such rubbish as was thought might tempt the 
weevils to shelter. Dead banana leaves, hay, cotton leaves, dry bolls, 
squares, etc., were among the things used as rubbish. As several of 
these were placed in each jar the weevils had an opportunity to choose 
their shelter. Among the 39 which lived through the winter, 19 were 
found in the banana leaves, 7 in hay, 5 in dry cotton leaves, 4 were 
buried in dirt, 3 were on the surface of the soil, and 1 was hiding in 
an open boll. It appears, therefore, that 31, or 80 per cent of the 39 
live weevils, were found in what may be termed ‘‘leaf rubbish.” It 
was noted also that 25 of the survivors passed the winter out of doors 
in various locations, while 18 were under shelter indoors. Of the 
weevils placed out of doors all but one lot were protected from the 
rain. _ The 15 weevils contained in the jar which became wet all died, 
while but few of the jars which were dry failed to show a live weevil 
in the spring. Leaf rubbish and dryness appear to be favorable fac- 
tors in successful hibernation. 
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PERCENTAGE OF WEEVILS HIBERNATING SUCCESSFULLY. 


It is a very significant fact that of the 240 weevils taken from the 
field at the middle of December, 1902, and placed in hibernation, 38, 
or 15.8 per cent, passed the winter successfully, while of the 116 


weevils adult before November 15, 1903, only 1, or less than 1 per 


cent, survived. It is evident that the weevils which pass the winter 
and attack the crop of the following season are among those developed 


latest in the fall and which, in consequence of that fact, have not 


exhausted their vitality by oviposition or any considerable length of 
active life. ) 

Naturally the percentage of weevils living through the winter will 
depend largely upon favorable climatic conditions and the accessibil- 
ity of suitable shelter. It would be utterly impossible to determine 
this question under actual outdoor conditions, and our inferences 
must be drawn solely from percentages found to survive under cage 
conditions. In the laboratory tests referred to in the preceding topic 


356 weevils were used. Of these, 240 were brought from the fields 


at the middle of December, 1902. Among these weevils, 38, or 15.8 
per cent, survived. The remaining 116 weevils were all adult after 


September 25, 1902, and had been kept under observation in the 


laboratory. One single weevil, adult November 12, was the sole sur- 
vivor of this lot. Since the weevils brought from the fields in the 
middie of December would be a correct average of those entering 
hibernating conditions, we may disregard the laboratory-bred speci- 
mens in drawing our conclusions. The conditions offered would seem 
to have been favorable, and when this is the case out of doors it 
appears that about 1 in 6 of weevils found in the field at hibernation 
time may pass the winter successfully. This seems a very high per- 
centage, but when we consider the numbers of hibernating weevils 
often occurring upon young cotton in the spring it seems not improb- 
able that during favorable seasons something like this percentage of 
the weevils finding favorable shelter will live. Of course, the per- 
centage finding favorabie shelter will be extremely variable, and it is 
in reducing the number and accessibility of favorable locations that 
the cotton planter has one of his very best opportunities to effect the 
destruction of a multitude of weevils, and thus greatly reduce the 
number which will emerge from hibernation and attack the crop of 


the following season. With shelter removed, cold and changeable 


weather will inevitably destroy many, and, in fact, most, of the 
weevils which would otherwise survive. 


TIME OF EMERGENCE FROM HIBERNATION. 


Emergence depends largely, as has been already shown, upon the 
mean average temperature prevailing. The presence of food does 
not seem to affect it. In the season of 1903 for one month preceding 
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the emergence of weevils at Victoria the mean average temperature 
was 65.4° F. For the first two weeks of April it averaged 68.4° F. 
Weevils left their winter quarters from the middle to the last 
April. While the mean average temperature for May was nearly 3° 
lower than the temperature prevailing at the time of emergence, 
weevils remained actively at work in the fields. In the fall also 
weevils remained at work at a lower temperature than that which 
seems to be necessary to draw them from their winter quarters. The 
reason for this fact is not apparent, but it is certain that once having 
left hibernation weevils will remain active at considerably lower tem- 
peratures. Ii the temperature becomes too low they remain quiet 
without taking food for long periods of time. If taken from their 
winter quarters weevils will be found active at ordinary day tempera- 
tures long before they would normally venture from their hiding 
places of their own accord. Weevils thus removed have been kept 
for a month without food or water, and they then assumed their 
normal activities when food was supplied to them. 

After considerable search at San Diego in the spring of 1895, on 
April 27 Mr. Schwarz found the first specimens working upon seppa 
plants from roots which were then 2 years old. As the weevils first 
appeared in that locality in August, 1894, the number of hibernat- 
ing weevils could not have been as great as in succeeding years, 
_ consequently ie the spring of 1895 hibernated specimens were 

“‘exceedingly rare.” At Victoria, Tex., in the spring of 1902, Mr. 
Schwarz found the first weevils wor ane upon volunteer plants on April 
15. In the same locality the writer found, in 1903, that most weevils 
left their winter quarters between April 10 ail May 1. Evidence was 
found indicating that in some fields they began to move as early as 
March 28. * At Calvert, Tex., also in 1903, Mr. Harris found the first 
weevils working on cotton on April 12. At Victoria, in 1904, weevils 
were found in numbers upon seppa plants on March 14, and they 
were found moving in the field at intervals throughout the winter. 


GRADUAL EMERGENCE FROM HIBERNATION. 


Field observations at Victoria in the spring of 1904 added greatly 
to our knowledge of the habits of hibernated weevils as they emerge. 
The opportunities for such observations were exceptionally good. The 
winter preceding was mild and dry, so that large numbers of weevils 
hibernated successfully. The same conditions insured the growth of 
a considerable number of seppa plants, which were also favored by 
warm weather early in the spring. 

_ The field in which observations were made contained about 65 acres. 
On this area all seppa cotton was repeatedly destroyed, except upon 

‘two plots which were kept for observations. Plot A, upon which 

_ observations in regard to the emergence of weevils were made, was 
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between 4 and 5 acres in extent. Plot B, separated from plot A by a 
distance of several hundred yards, was between 2 and 8 acres in 
extent. The general plan was to examine all seppa plants on plot A 
at intervals of about 1 week, collecting all weevils which might be 
found at each examination. As there were no other cotton fields in 
the locality, it was safe to assume that all of the weevils found at these 
successive examinations had come from hibernation within the limits 
of that field. Owing to an unusual drought during March and April 
the seppa plants obtained about 6 weeks’ start of the planted cotton 
(Pl. XVII, figs. 73 and 74), and thus the comparatively small area kept 
for examination was not influenced by any counter attraction of cotton 
in other portions of the field. : 


TaBLE XX VI.—Gradual emergence from hibernation. 


| Number of 


Number ae Number of 
of exami- Date. aa weevils 

nations. annie collected. 

Ell foe's E211 Cl OTE) Roles arsed eee eb AE A AU pens De Bg See Nl ok ea a SPS 250 19 

Dn Mar G Dey ec wees a Wee ne 5 teh Fees ke Nd Sar Re ne 400 20 

de al Rr Wo 6 a Deters le hee ee Geer er tae Lh Be tet a ee ayaa ee ae 540 26 

Ail APY Ds os: Bon fate hee azie Se ae em wate eee ee eee eae see. se See 530 35 

5 | April 1D oo ee SA Soe ARP ae eo ee ae tee eae ead tee a ee 400 60 

6-|CA prio. = su. cee a eden are eee ot ye ee eee craye ore eae eer 200 40 

i A: Ya fl ie a ak See RA yp Re ie gan 2 yl A oh a ED ee es ee 250 24 

ofl (28. (> i! amano ai eee aCe Me Pala Oe tee oN a Se alge a8 420 152 

2 FA 1 Ya cal by eee ea sa ap A ae ee I SS ne IE ee ee SEAL 670 95 

ae i a 6 ete ae aie Sree ee ek eS Store Senet Meee eee Sut 503 60 

a Wee feels es aD): eo Re Ane d Sees nen Phe ee Me who A = 1, 543 102 

PD haa 20% Sao) REE ie eee CE A No eter ae ee eae op ae ere 194 15 

ol 0) 2] eee ee Se IRC ag Oey RAI IS nee Ema eee SN 2 5, 300 : 648 
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From these observations it appears that normal emergence takes 
place some time in April or May in central and southern Texas, whether 
earlier or later depending largely upon the earliness of .the season. 
Furthermore, the emergence of the first weevils may take place from 
6 to 8 weeks before that of the last. In this fact lies one of the two 
great obstacles which prevent the successful application of poisons to 
the early plants as a means of destroying the weevils. The second 
obstacle is explained on pages 109 to 110. Doubtless many weevils 
perish soon after emergence, even if they succeed in finding food, 
while many others never succeed in reaching a food supply. 


DISTANCE HIBERNATED WEEVILS WILL FLY TO FOOD. 


As a preliminary observation to obtain some idea as to the flight of 
hibernated weevils, two specimens were taken in a closed room, each 
being marked so that they could be distinguished. The plan followed 
was to liberate them as far as possible from the windows, then follow 
the course of their flight, estimating the distance covered each time. ° 
In this way weevil A, in the course of nine successive flights, covered 
a distance of about 194 feet; weevil B, in three flights, covered a dis- 
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tance of about 60 feet. Upon the following day weevil B was found 
dead, while weevil A was yet alive and active. 

In making field observations, four series of weevils were used, each 
series being distinctly marked for recognition at subsequent observa- 
tions. These series were liberated at intervals between April 16 and 
May 14. At each time it was certain that large numbers of hiber- 
nated weevils were emerging. The distance from cotton at which the 
liberation of the various series took place ranged from 125 to about 
600 yards. No other cotton fields were in the vicinity. Most of the 
weevils were liberated south of the field under observation, in the 
midst of a considerable area of grass land, so that no obstacles could 
be expected to interfere with their movement back to the cotton field. 
As the general direction of the prevailing breeze was from the south, 
the weevils had the advantage of this factor in their movement. 


Taste XX VII.—Flight of hibernated weevils to food. 


ae ee dd fl 
. : of wee- | Distance and direction of libera- 
Date of liberation. vils in tions from cotton field. Results. 
series. 
1904. 
JAFUTAM TG ed et ele re ee 50 | 600 eas aout) Be Se ere ane None found at cotton. 
F TOF AGO ards south) a52).c4-555e4202 
April 23.....-...-+.+-+++-+--- { 10 | 100 yards southwest ..........-.- Do. 
10>) 160 yardsisouth <2 22252-2522 25522 
May 11 -.........-.--+------- { on POZE Anas SOUbM 4-2 a= e aac cee Do. 
Omer aa. eco aa Se es 25 EDO VANS SOUL. cee tere Seite seine 4 weevils found at cotton in 
next 12 days. 
SUES ae eee eee HEAD eae Soe Be ee eosetne abkee eee a oene 4 found at cotton. 


Upon the liberation of these weevils general observations were made 
as to the height and distance of the initial flight. It was found that 
when the breeze was quite strong the weevils were very unwilling to 
to take wing, and could be induced to do so only when sheltered from 
the breeze. At such times their flights were very short. The weevils 
started from near the surface of the ground, flying at an average height 
of about 23 feet, and in the initial flight covering an average distance 
of 13 feet. Out of 120 weevils liberated, only 4, or 34 per cent, were 
ever seen upon the cotton under examination, which constituted the 
nearest possible food supply for those weevils. In the case of these 4 
weevils it was found that they averaged to cover a distance of 500 feet 
in four days. Doubtless nearly if not quite all of the remainder per- 
ished without reaching food. Though observations upon the area of 
seppa cotton were continued for about 3 weeks after the liberation of 
the last series of weevils, no additional specimens were found after the 
twelfth day, two of the weevils reaching the cotton in 8 days. 


GRADUAL ATTRACTION OF HIBERNATED WEEVILS TO SQUARES. 


- Beginning early in the spring of 1904 a large series of observations 
was undertaken to determine the general movement of hibernated 
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weevils, to find how rapidly they became concentrated upon plants bear- 
ing squares. At the time of beginning the observations no plants had 
begun to form squares. The first squares were observed upon several 
plants on April 15, and the first eggs were found deposited in squares 
on April 26. These plants were thickly scattered through the field, 
and consequently the distances through which they would exert an 
attractive influence upon the weevils could not have been great. (Pl. 
XVH, fig. 74.) 

Shrien May 9 to 11, between three and four weeks after squares had 
begun to form, a pees examination was made of all plants grow- 
ing upon an area of about three acres, and a census was taken to deter- 
mine the number of weevils present, the number of plants bearing 
squares, and the proportion of weevils found upon plants with and — 
without squares. In this examination 857 plants were carefully exam- 
ined. At that time 32.5 per cent of this total number were bearing 
squares which were large enough to be attractive to the weevils if they 
were seeking squares for oviposition. Upon the first 45 rows, which 
were not quite so far advanced as in other portions, 22 per cent of 451 
plants had squares; upon these rows 61 per cent of the 159 weevils 
taken were found upon 51 plants bearing squares, and 39 per cent 
were found upon 51 plants not having squares. In the next 21 rows, 
which were considerably more advanced in growth, among 406 plants 
43 per cent had squares, and these plants had at that time 94 per cent 
of the weevils found, while the 57 per cent of plants without squares 
had only 6 per cent a the weevils found. 

An exact idea of the relative condition of the seppa and planted cot- 
ton upon the dates April 16 and May 14 may be obtained by reference 
to Plate XVII, figures 73 and 74. Upon the latter date the planted 
cotton had, upon the average, six to eight leaves and no squares, while 
one-third of all the seppa plants examined had squares,many of which 
were fully four weeks old. In spite of the fact that much of the ecot- 
ton had been in so attractive a condition for so long a time, these plants 
had attracted only three-fourths of those weevils which were found in 
their immediate vicinity. From these facts it seems safe to conelude 
that even under the most favorable conditions the inefficiency of trap 
rows or trap plants has been demonstrated. | 


GENERAL MOVEMENT OF HIBERNATED WEEVILS IN FIELD HAVING 
CONSIDERABLE SEPPA COTTON. 


Beginning early in April, 1904, a series of observations was under- 
taken to show the general dir ae and distance of the movement of 
hibernated weevils in a field before the planted cotton was in condi- 
tion to attract them as food. At the middle of April all seppa plants 
in a field of 65 acres were destroyed, except those growing on two 
plots—one 4 acres and the other about 3 acres in extent. These 
plots were located upon the southern edge of the field. The general 
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direction of the wind for several days after April 15 was from the 
south, and during this time few if any weevils came to the plots of 
seppa which had been preserved. Upon April 22 and 23 the entire 
field was thoroughly cultivated. At about the same time the wind 
changed, blowing from the north. During the next two or three 
days large numbers of extra weevils were found along the ends of the 
rows on the northern edge of the plots under observation, at a dis- 
tance averaging less than 50 feet from the ends of the rows. At that 
time planted cotton had not broken ground and all other seppa cotton in 
the field had been destroyed about 10 days before these weevils were 
found. Considering the change in direction of wind which had taken 
place in the meantime, it is evident that the movement of the weevils 
was in some degree related to the direction of movement of the pre- 
-vailing wind. 

Between May 3 and 28 about 60 healthy hibernated weevils were so 
marked as to be individually recognizable. These weevils were placed 
upon vigorous seppa plants, and 
observations made to locate 
them upon succeeding days. 
To facilitate the keeping of the 
records, the plot was divided by 
east and west lines into 8 sec- 
tions, with 45 rows running- 
north and south. At the begin- 
ning of the observations with 
each weevil a stake was placed 
beside the seppa plant upon "icy Pnen of sites oe 
which the weevil was located, Approximate outline of present weevil-infested 
with a tag bearing data as to the area in the United States (original). 
date, the number of the row and section in which the plant was located, 
with the number of the weevil and its particular mark. Three-fourths 
of the weevils thus liberated were located upon two or more dates. 
When a weevil was found to have moved, the distance and general 
direction of the movement were recorded upon the tag, which was 
then moved to the new location. When a weevil was not found upon 
“a succeeding date, the original location of the tag was preserved until 
the weevil was either found or given up as lost. If found after an 
interval of several days, the range of time during which the total 

' movement from the original location had been effected was noted upon 
the tags. Doubtless, in many eases, the movement recorded was a 
component result of several movements, but, even if so, the general 
result of the observations is not affected by that fact. 

In compiling the general results of these observations, all move- 
ments In one direction are taken together. If it be assumed that these 
movements radiated from a common center of infestation, the general 
result may be shown diagrammatically, as in figure 4. 
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Direction. Distance. Direction. Distance. 


Whether it be merely an unrelated coincidence, or a general result — 
from similar factors in each case, it is interesting to note that the 
diagram of general movement of weevils as found in this field of seppa 
cotton is strikingly similar in outline to the present area of weevil 
infestation. Merely to show this interesting likeness, and not because 
the likeness has any special significance, an outline of the weevil- 
infested area is also given in figure 4. 

From the records of these observations it was found that the maxi- 
mum time one weevil remained upon a single plant was 18 or more 
days, the observations having been discontinued after the eighteenth 
day. The average time positively found in 73 cases was 4 days, 
with a possibility for this same number of observations of 6% days. 
Probably a true average lies approximately between these results, 
and, if so, we may assume that about 53 days usually intervene between 
the movements of each weevil. In the whole series of observations, 
extending over 25 days, for weevils which were subsequently found 
after being liberated, but 57 movements were recorded. The total 
of these movements averaged but 62 feet each in 177 movement days. 
This would give us an average movement of but 0.35 foot per day for 
each weevil in a field where seppa plants were quite abundant, where 
squares were forming upon fully one-third of the plants, and during 
a period for which the mean average temperature was 78.6° F. 


APPARENT DEPENDENCE OF REPRODUCTION UPON FOOD OBTAINED 
FROM SQUARES. 


During the fall of 1902 a series of experiments, lasting for 12 weeks, 
was made to determine the length of life of weevils fed solely upon 
leaves. In one lot, consisting of 9 males and 8 females, the average 
length of life of the females was 25 days, while that of the males was 
36 days. Though this period far exceeded the normal time usually 
passed between the emergence of adults and the beginning of egg 
deposition, no eggs were found. Dissection of the females which 
lived longest showed that their ovaries were still in latent condt- 
tion, though the weevils were then 81 days old. Few instances of 
Capalaeion were observed among weevils fed upon leaves alone, and 
among nearly 70 weevils which were thus tested no eggs were ever 
deposited. After a period of 3 weeks upon leaves, 11 weevils were 
transferred to squares. Females in this lot began to lay in 4 days, 
and 4 of them deposited 323 eggs in an average time of 20 days. The 
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conclusion seems plain that so long as leaves alone are fed upon, 
eggs do not develop, while a diet of squares leads to the development 
of eggs in about 4 days. It is worthy of note that the interval 
between the first feeding upon squares and the deposition of the first 
egos is almost the same with these weevils taken in middle life as 
with weevils which have just emerged. 

An examination of hibernated females taken in the spring of 1908, 
which had fed for 6 weeks upon cotton leaves, showed that their 
ovaries were still latent. Copulation was rar ely observed among 
hibernated weevils until after squares had been given them. Ina few 
days after feeding upon squares, mating and oviposition began. The 
average period was from 3 to 5 days, ane having once begun, ovipo- 
sition continued regularly. 
It has been found that food passes the alimentary Sane in less than 
24 hours. Assimilation, therefore, must be very rapid. It is evident 
that while leaves will on ee certain nutritive elements found 
only in squares are essential in the production of eggs. _ 

These experiments were repeated in 1904 with similar results. 

Upon dissecting weevils just taken from hibernation, it was found 
that females contained no developed eggs, but that their ovaries were 
in an inactive condition, similar to those of females which had fed for 
months entirely upon leaves during the previous fall. Upon examin- 
ing females taken from seppa cotton later in the spring, but before 
squares had appeared, it was found that they also were in similar 
condition. This was also true of females kept in the laboratory from 
the time of emergence from hibernation until squares became abun- 
dant with only leaves for food. It seems peculiar that upon a purely 
leaf diet eggs are not developed, but all observations made indicate 
that this is the case. It can not be said definitely whether the females 
examined had been fertilized, but it is certain that they were not 
ready to deposit egg's. : 


- PROGRESS OF INFESTATION IN FIELDS. 


From among the many notes made upon this point the results of 
the study of two fields are here presented. The first field, consisting 
of about 15 acres, had been planted in cotton for several years and 
was closely surrounded by other cotton fields. The second field of 
35 acres was upon newly broken land and situated in a comparatively 
isolated location. 

Examinations were made frequently to determine approximately the 
percentage of infested squares present in various parts of these fields. 
The conditions of the examinations were made as uniform as was 
possible. The fields were divided into blocks, and practically the 
‘same ground was covered in each block upon succeeding examinations. 
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TABLE X XIX.—Progress of infestation, field 1, Victoria, Tex. 


Number 


of bg 3s e ; 
oO ercent- 
Block. Date. gabe oe squares age. Remarks, 
aaa infested. 
1903. 
UNG Oa cetera 4, 200 675 16.0 | Work of hibernated weevils only. 
Bhat hag ee ee ae 467 211 45.0 | Second generation at work. 
dig Bec la i A ears “249 193 77.5 | Third generation beginning. 
ebust Toate esas 278 224 80.6 
AUEUSb Lo 2. aes eee 91 85 93.5 | About four generations now working. 
SMUT ea a Saas eye 358 168 46.6 | Much cotton dying from root rot, 
II AUSUSE T2525. 331 148 44.7 
August 452.26. ..54- 800 100 33.3 
AUSuUSE 20... Sea ae 699 636 O11 } 
Wotal aeees eee. 6, 973 2, 440 | 35.0 


The observations made in Block I cover a longer period, and are, 
therefore, more suggestive than those made in Block I].. Evidently 
infestation began with the first appearance of squares. So long as 
the hibernated weevils alone were at work the percentage did not 
increase very rapidly, but with the advent of the second generation 
a much larger proportion of the squares became infested. Corre- 
sponding increases are seen with the third generation, but from that 
time on so large a proportion of the squares were infested that the 
percentage did not increase so rapidly. It may be noted in each 
block that the maximum percentage of infestation is slightly over 90. 
Some clean squares may always be found, however numerous the 
weevils may be, but those which escape weevil puncture are mostly 
less than half grown, so that while the percentage varies but slightly, 
few of these clean squares would escape the later attacks of the 
weevils and form blooms. In Block I the infestation was quite gen- 
eral. The situation of the block was especially favorable to the hiber- 
nation of a large number of weevils. Bounded on one side by a fence 
row, on the opposite side by a cornfield, and at one end by the build- 
ings used by the tenant, an abundance of hibernating places was 
afforded the weevils, and as a result they came into the field in the 
spring from all those directions (Pl. XVII, fig. 75). It was noticeable, 
however, that the portion of greatest infestation early in the season 
lay in the corner between the fence row and the buildings. From the 
fence row especially the weevils spread toward the center of the field. 

The second field, as has been stated, was comparatively isolated, so 
that infestation first began late in the season. Block I in this case 
lay in the corner between crossroads. Block II adjoined the road 
farther on, while the third block was taken as far from these two as 
was possible. Infestation began in the corner covered by Block I. 
In studying this block, lots 1, 2, and 3, as numbered in the table, were 
taken diagonally across the block, away from the corner. Block IL 
was separated from Block I by corn, the ends of the rows being at the 
road which passed the point of original infestation. The lots in Block 


ERS 
II were taken in their order at varying distances from the road. 
Block I11 was some distance from the others. In this case lot 1 was 
taken along the edge on the side toward the other blocks, while lot 2 
was taken in the middle of the block. 


TABLE XX X.—Progress of infestation, field 2, Victoria, Tex. 


“ieee gis Number | Percent- 
of age of : 
Block.| Lot. Date. squares | .uares | infesta- Remarks. 
exam- |- 
neal infested.| tion. 
Ss 
1903. 
1 ae Geese ea 225 45 ne 0 | Infestation began in this corner. 
2 WEES hl £0 S «444 351 $4. 8 E : 5 
I 9 | August 6..-...-..... 210 12 5.7 |puot 2, in middle of Block I. 
3 |S-- E10 10), © et ns ae 200 0.0 ee 3, opposite corner of bloek from 
August 2A eae ae ree 362 241 66. 6 t 1. 
| 1 PUFUSHID. so el 185 62 33.5 aac 1, near public road, passing lot 
AMIS Ae ois 180 156 86.7 1 of Block I. 
IL 2 ae MEMES <0 - 5. 202 31 1523 
AUS ESE. 24. oo ss =. 2 136 105 T.2 
3 MAGUSE TS: 2. leek 150. 9 6.0 
Ameust. 24. sc scce ss 200 130 65. é 
PPPS cso 218 91 41. \ 
a August 29........... 259 298 $8.0 pie elle: 
Aaenist IP: 2 2c. 5... 1 3 2d 
ae =a 330 290 88.0 \Middle of block. 


From a study of Block Lit is evident that infestation began some 
time in July, since when first found it was entirely restricted to a 
small area. A study of each block chronologically shows the steady 
but rapid progress of the weevil, as does also a comparison of the 
three blocks at the nearest possible dates. The tremendous activity 
of weevils in midsummer and the possible rapidity of their spread is 
clearly shown in this field. 

A study of two other fields yielded practically similar results. The 
dates of examinations, with the percentages found in each case, will 
be given. In field 3 there was found, upon June 2, 3 per cent of infes- 
tation; on July 16, 25.9 per cent; on August 15, 65.9 per cent. This 
field was from native seed and was planted about three weeks earlier 
than field 4, which was of King seed, and just across a turn row from 
field 3. In field 4 infestation began very late, as on August 8 there 
appeared to be only 2 per cent and on August 15, 23.6 per eent, while 
on August 26 it had increased to 91.5 per cent, which is ates the 
usual percentage of maximum infestation. 
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Taste XX XI.—Obdservations upon infestation, various localities, 1904. 


s [3 2 fe 2, Re [a@ Pz pegs 
a |¢ gq \oF |-6o lon Tone os 2, 9| o 
ae Sy A@ jae | fa |ee Stas sed a 
88 | 53 S fe |2e le | Of (ee ieee 
Cb | Ps rd A Oo oF iss 4 19°. |SES5| Gs 
as D mo eS, ie eeaeroms BA |Sa j585/ 35 
Locality (Texas). Sd a= g jee .| Sa |e Sa [ES u/Ras| Bo 
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Under the conditions usually prevailing cotton will cease to make 
when about two-thirds of the squares have become infested, since the 
weevils have then become sufficiently numerous to attack nearly all 
of the remaining clean squares before they have time to bloom and 
form bolis. Even bolls which have set before this percentage of 
infestation is reached are not entirely safe, as the smallest ones will 
be more readily attacked by weevils, as they have greater difficulty 
in finding uninfested squares. 


WEEVIL INJURY VERSUS SQUARE PRODUCTION. 


At the beginning of infestation the indications of the weevil’s pres- 
ence are inconspicuous. Even when considerably advanced most 
farmers do not recognize the injury, and thus are led to believe that 
the insect has not appeared. Among the most conspicuous indica- 
tions of the weevil’s presence may be mentioned the falling of infested 
squares. As the squares remain on the plant after they become 
infested fully as long as they lie upon the ground between the time 
of their falling and the emergence of the weevil, it is plain that less 
than half of the actually infested squares will ordinarily be observed. 
Previous to falling, infested squares gradually turn yellow, and in 
most cases flare somewhat; but flaring 1s by no means as closely reiated 
to weevil injury as might be supposed. As the percentage of infesta- 
tion increases, the great numbers of squares on the ground must attract 
attention. (PI. XV, fig. 68.) Shedding of squares may take place for 
other reasons than the attack of the weevil, but in fair weather, when 
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large numbers of squares are found upon the ground, the weevil is 
probably present. As infestation approaches its climax there is a 
great decrease in the number of blooms, and when a field is found 
at blooming age with many squares but no blooms the weevils are 
almost certainly abundant. .The conditions named form the most 
conspicuous indications of practically total infestation. During the 
season of 1903 it was found that a condition of total infestation was 
reached some time between August 1 and 20 in most fields within the 
infested area. This condition is, as a rule, coincident with the appear- 
ance in large numbers of weevils of the fourth generation. The exact 
time will vary in different seasons, and even in adjacent infested fields, 
because of varying conditions. 

Not only is the maximum number of weevils present in the field in 
midsummer, but their capacity for injury is also greatest at that time. 
Practically all of the crop that will be made must have been set before 
this time. After this bolls will form only by accident. 

A large series of examinations made by Messrs. Harris and Morrill 
at Calvert, Tex., shows the very rapid increase in the percentage of 
infested squares which usually takes place a few weeks earlier than 
it did in 1908. The figures given in each column in the table show 
also the closeness with which the weevil activity kept pace with the 
formation of squares after the period of maximum infestation had 
once been reached. The general! influence of climatic conditions may 
be seen by a comparison of the last two columns in the table, but this 
point would be much more clearly shown by a series of examinations 
made during the first half of the growing season, at which time tem- 
perature and moisture would have greatest influence upon weevil 
development and injury. One hundred squares were picked promis- 
cuously in each block for the determination of the percentages given 
in the columns for these 34 blocks, thus making a total of 17,000 
squares examined. 


Taste XX XII.—Study of the infestation of the cotton fields at Calvert, Tex. 


Block. 
Time of record. ese 
eS 415 61718 | 9 110/11 | 12) 20) 21 | 22 


: 1903. 4 

AMP USG MDa fe Sooo sae ea cee onecees 72 |68 | 64! 65] 711) 63 | 66 | 68 | 59 | 60 | 59 | 60 | 46 | 46] 55 
Septem ben2=4 222020 22 heehee ks 96 | 91 | 96 | 100 | 96 | 97 | 98 | 98 | 90 | 87 | 90 | 88 | 92 | 95 | 89 
september 14-17). .- 0. ete e oe 93 | 94 | 921 94|97]| 94] 93 | 92 | 95 | 92 | 94 | 96 | 88} 89} 90 
Gempetleoe cies. oes es 92 | 81189 | 91 | 97 92 | 91 | 89 | 89 | 91 | 94 | 96 | 95 | 94 91 
WCtOMCT: 220A M Sa os acess oS oeaen’s 94 | 93 | 90 | 90] 91} 92) 88/| 83 | 92) 99 | 96 | 94] 95] 938 | 91 


Time of record. 


1908. 
August Be yh Base i Ue 9 ee el 48 | 50 | 54 47 | 49 52 | bt | 58-| 54 | 54 | 57 | 5D | 62 | 66 58 
September 7m pee ae aS ©, ARS A Re a ED 69 | 94 | 91 91 | 838 93 | 95 | 91 | 91 | 93 | 93 | 97 | 89 | 94 96 
September TAS etre eee ae hse. 92 | 91 | 92] 941 93] 92-| 90 | 96-| 94 | 96 | 93 | 94 | 93 | 92] 95 


Octeber tae aise eh Se aia 94 | 94 | 90] 96] 93 | 94-| 92 | 92 | 95 | G9 | 94 | 96 | 92 87} 89 
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TABLE XX XII.—Study of the infestation of the cotton fields at Calvert, Tex.—Continued. 


Block. Average 
—-| infesta- : . : 
tion for Climatic conditions... 
5A 55 56 | entire 34 
blocks. 


Time of record. 


Per cent.- 
69 67 62 58.88 | Rainfall in July, 1903, 8.61 ieee (or nearly 
four times normal rainfall); Aug. 1 to a 
nearly normal rainfall (0.79 inch, Aug. 2 
Average temperature, July, 85° BP; Aug. 
1 to 15, 853° F. 
94 90 97 91.41 | Rainfall from Aug. 15 to Sept. 2, 0.9 ine 
(nearly normal). Average temperature, 
same period, 844° F. 
26 97 95 93.20 | Rainfall from Sept. 2 to 14, 0.8 inch (about 
= -half normal). Average temperature,, 
92 88 89 91.56 | Rainfall from Sept. 14 to Oct. 1, 0.14 inch 
(about one-tenth normal). Average temper- 
ature, 763° F. 
99 98 95 93.67 | Rainfall from Oct. 1 to 22,:3.63 inches, (more 
than two times normal). Average temper- 
ature, 74° F. 


August 15-17... ...... 


September 2-4..... 
September 14-17... 
October 1=3) soe sese 


October 22-24...... 


Stillanother series of observations made by Doctor Morrill, at Austin, 


Tex., shows that similar conditions. prevailed in localities nearly 100 


miles apart. For each of these percentages 300 squares were exam- 
ined, thus making 14,400 observations in the series. 


TABLE XX XIII.—Study of the infestation of cotton fields at Austin, Tex. 


Bloek. 


Time of record. 


a 


1903. 
INTIS AT os cece See eels we 295.0.) 34.0 | 1h. 0') 15.01 10,0) 9:0 |} 19:0) | 3320") 43207 |) 43500 ses Onerote 
September 7-9-..........-. 85.3 Q. |. 95..3:-|: 96.7 | 922'7 | 87.3.) 95.0) |: 9637 | 96:7 | 96.7 | 96.8) 92.7, 
C1GI0) 327 cat Saf Rene oe a 90.3 pe 90.3 | 90.0 | 94.7 | 85.3 | 92.0 | $2.0 | 96.0 | 96.0 | 92.7} 96.0 
Block. Average 
infesta- 
Time of record. | tion, en- Climatic conditions, 
13 14 15 16 tire 16 
blocks. 
1903. Per cent. 
PAMIOVIS DA ss2 ceo ea te ee 83.0 | 36.0 | 49.0 | 55.0 30.37 | July rainfall, 12.65 inches (above nor- 


temperature, July, 82.6° F. 
September 7-9........---- 93.7 | 98..0.| 98,3-| 97.7 95.25 | August rainfall, 0:79 inch (below nor- 

mal 1.64 inch), Mean average tem- 
perature, 82.6° F. 


MOCTODEL B= 14-5 ese oe eee 92.0 | 89.3 92.7 92.7 91.87 | September rainfall, trace (below nor- - 


mal 3.72 inches). Mean average tem- 
perature, 76° F. 


As the first records at Austin were made about 10 days earlier than 
were those at Calvert, they serve to show a much greater total increase 
in the average infestation during August, though the average daily 
increase in the percentage of infestation agrees very closely in thetwo 
localities, being 1.8 per cent.at Calvert and 1.9 per cent at Austin. 


mal 10.35 inches). Mean average 


= =ay = 
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EFFECT OF MAXIMUM INFESTATION UPON WEEVIL MULTIPLICATION. © 


As may be seen by reference to Tables X XIX, XXX, XXXI, 
XXXUH, and XXXII, maximum infestation is usually reached some 
time between August 1 and 20. It is probable that at that time the 
majority of the third-generation weevils are becoming adult. As 
shown on page 97, a conservative estimate would place the possible 
number of third-generation weevils at about 250,000 individuals. 
This number is practically all that can be produced upon each acre of 
ground. As soon as they become adult, therefore, ard begin to 
attack squares, the field, within a few days, becomes overstocked with 
weevils. 

A decrease in square production accompanies the maturity of the 
bulk of the crop, owing to the fact that the assimilative power of the 
plant is largely consumed in maturing seed. Dry weather normally 
occurring at this period also causes a decrease in the number of weevils 
present. Not only are there less squares to become infested, but each 
square is also subjected to greater injury, and many which would other- 
wise have produced weevils are unfitted as food for the larvee by the 
decay which follows the numerous punctures. Several eggs may be 
deposited in one square, but as a rule only one weevil will result. 

By this time the number of weevils has become so great that the 
supply of squares is insufficient to meet their need for both feeding 
and oviposition. Selection of squares, so that these two portions of 
their attack may be kept separate, can no longer be exercised. Female 
weevils are forced to deposit their eggs in squares which have either 
received other eggs or been largely fed upon, and a much larger pro- 
portion of squares at this time show that feeding punctures are made 
in squares having eggs or larve. By these two factors the mortality 
among young larve especially is greatly increased. Since the growth 
of the plant practically ceases during the period when the majority of 
bolls are opening, new squares are not formed, and consequently the 
number of weevils produced through September becomes compara- 
tively small at that time; also many of the older weevils, especially 
those of the first generation, die normally. Comparatively few of the 
weevils developed in large bolls will emerge before October. In con- 
sequence of all these factors the actual multiplication of the weevil is 
not only checked but very greatly reduced within a few weeks after a 
condition of maximum infestation has been attained. While the actual 
number of weevils begins to decrease within a short time after the 
period of maximum infestation is reached, the apparent numbers may 
possibly be greater. The decreased number of squares serves to con- 
centrate the weevils upon those remaining, and therefore the number 
_of weevils found in any square will be so much the greater. 
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PROPORTION OF SQUARES ATTACKED THAT ARE NOT DESTROYED. 


Observations on this point have been continued through two sea- 
sons. The results may be most briefly given in the form of a tabular 
statement. 


TasLE XX XIV.—Proportion of squares attacked that are not destroyed. 


. Good 
: Sauares | Blooms 
Period. attacked.| formed. PP 
1908. Per cent. | Per cent. 
PUNE stOSAUEUSE Focd ca lowe sews ee cote eee bee aah at has soos Sane ae eee 334 18.3 a7 
Sep to NOVEMber 72.25.2652 Sas open J. soe e et  ee se ae 68 |. 20.0 6.0 
sete rie NS a EN hs a eam tt th eek gee a 358 26.0 18.0 
N esa a to; December gi 555. ies cere Soe eee oe ee eee ane 125 325.0 (a) 
eet Ne Sn aie mae eae ae Ste AL ME CRE wre Shey as a a 27.5 (a) 
1904 
phe SNS KO el I pear aatn tegen SN, 4s See Sees ae PS SS Le eer er 155 14.5 6.0 
JystOrA WSUS: Ses Gees mee es ae Caer L ee eee ls SC Se aaa tee ote 262 14.6 11.0 
Aves btO SEplent Were ss sa. te otis oc Beelrenns Son dae accits eee oene ee ese eeo-mee 233 13. 4 Ces 
e) ERO 2] Lea 2 a ea ar By RR Soe gee 1, 856 3s ee eee eee 
CNSVIGE ARS Ms Pele 2 cae se aaa Rcats oe Slee oo 1s aR alae ie Semis Eten ent oto a eee el a 20.0 10.0 


aToo late to reach maturity. 


The results shown in the preceding table may be summarized by 
saying that upon the average one square in five of those attacked forms 
a bloom sufficiently perfect to open, and that one-half of the blooms 
thus produced, or 10 per cent of the squares attacked, ultimately 
result in the formation of normal bolls. 


RELATION OF WEEVILS TO ‘‘ TOP CROP.” 


The hope of gathering a top crop is the ‘‘ will-o’-the-wisp” of cotton 
planters. After considerable cotton has been matured fall rains often 
stimulate the production of a large number of squares, and many 
planters are misled by the hope of gathering a large top crop from 
this growth. The joints of the plant are short, and the squares are 
formed rapidly and near together. Though ea: may have been 
exceedingly numerous in the ol, their numbers will have become so 
decreased in the manner deeeribed under the preceding heading that 
they can rarely keep up with the production of squares at this period 
of rapid growth. Many blooms may appear, and the hope of a large 
top crop increases. 

The fact, however, as stated by prominent growers, is that before 
the appearance of the weevil they actually gathered only about three 
top crops in 25 years. The chance of its development, though always 
small, becomes hopeless wherever the weevil is present in considerable 
numbers. (See Tables X XIX to XXXIV, and average of infestation 
of entire fields, p. 115.) Neither the hopelessness of gathering a top 
crop nor the actual injury which is being done to the crop of the suc- 
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FALL INFESTATION AND DESTRUCTION OF STALKS. 


Fig. 76, A view of cotton stalk loaded with infested small bolls taken from field at time stalks 
should have been destroyed; fig. 77, a view of field showing many infested small bolls, stalks 
standing after they should have been destroyed; fig. 78, work of destroying stalks, forming 
windrows for burning (original). 
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ceeding year by allowing that growth to continue until frost kills it, is 
generally appreciated by planters. Because of the apparent abun- 
dance of squares and the presence of many blooms the plants are 
allowed to stand long after they might otherwise have been destroyed. 
As is the case in the early spring, however, the abundance of squares 
inereases greatly the production of weevils; and though a few bolls 
may set, they are almost certain to become infested before they reach 
maturity. (PI. XVIII, fig. 76.) Every condition, therefore, contributes 
to the production of an immense number of weevils very late in the 
season and at just the right time for their successful hibernation. As 
the result of this, far greater injury is done to the crop of the follow- 
ing season, with no actual gain in the yield of the present season. 
Furthermore, plants standing until frosts kill them are often allowed 
to stand throughout the remainder of the winter, and these furnish 
an abundance of favorable hibernating places for the weevils. (PI. 
XVIII, fig. 77.) The consequence of this practice is that so many © 
w-evils are carried through the winter alive that the yield of the next 
year will be much less than what it might have been but for the 
farmer’s indulgence of the forlorn hope of a top crop. 

From these considerations it seems plain that within the weevil ter- 
ritory all hope of a top crop must be given up and the destruction of 
the stalks be practiced as early in the fall as may be possible. This 
practice is one of the essential elements in the successful control of 
the weevil. 


SOME REASONS FOR THE EARLY’ DESTRUCTION OF STALKS. 


It is naturally impossible to fix any date for the destruction of stalks 
which would apply to all localities and under all conditions. The con- 
dition of the soil must be considered as well as that of the maturity 
of the crop. While the condition of the soil can not be changed, the 
time of the maturity of the crop is largely within the control of the 
planter, since by early planting of early maturing varieties nearly 
the entire yield may be matured before the usual time of picking of 
the first cotton from native seed. Whatever the qualifications which 
must be made, they do not decrease the general strength of the reasons 
which may be given forthe early destruction of stalks. The principal 
reasons are three in number: ‘ 
_ First, the absolute prevention of development of a multitude of 

weevils which would become adult within a few weeks of hibernation 
time. The destruction of the immature stages of weevils already 
present in infested squares is surely accomplished, while the further 
growth of squares which may become later infested is also prevented. 
This stops immediately the development of weevils which would nor- 
mally hibernate successfully, and by decreasing the number of weevils 
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which will emerge in the spring the chances of a good crop for the 
following season are greatly increased. 

The second reason is that by a proper manipulation of the stalks 
a very great majority of the weevils which are already adult can be 
destroyed. One of the most successful! practices is to throw the stalks in 
windrows (Pl. XVIII, fig. 78), and as soon as they have become suffi- 
ciently dry they may be burned. The practice of leaving every tenth 
row fora trap row, to be cut and thrown on the windrows at the time 
of burning, is not recommended, since it has not yet been shown to 
possess sufficient advantage to oficet the trouble of dividing the work 
and the risk of carrying a large proportion of the weevils two weeks 
nearer hibernation time. If the weather is favorable, the burning 
may take place in about two weeks, and many of the weevils will not 
have left the cotton stalks by that time. In case rains delay the dry- 
ing it will be found advantageous to expedite burning by the use of 
crude petroleum or Beaumont oil. Grazing the fields with cattle, as 
some have recommended, will destroy much of the growth and pre- 
vent further development of weevils, but it allows enough of foliage 
to remain to sustain the life of many which are already adult until it 
becomes sufficiently cold for them to hibernate. Not only does burn- 
ing destroy most of the weevils, but it also destroys the shelter which 
might be afforded the few that would escape, and the chances of suc- 
cessful hibernation are largely decreased by this practice. 

The third reason may be found in the fact that the clearing of the 
ground renders possible a deep fall plowing. This catches such wee- 
vils as might still be in squares on the ground. The ground becomes 
clean by this practice, so that no vestige of the food plant remains, 
and living weevils, if by any possibility they have escaped thus far, 
must either starve or perish from exposure. Furthermore, fall plow- 
ing places the ground in the best possible condition and makes it 
ready for immediate working as early as planting may begin in the 
spring, thereby saving delay in the starting of the crop. As stalks 
must be destroyed in some way before the field can be replanted, the 
practices here mentioned will not add greatly to the cost of destruc- 
tion. Even if some cotton is present upon the stalks at the time of 
their destruction, this small item is hardly worthy of consideration in 
comparison with the greatly increased crop and the more early matur- 
ing and better quality of staple which may be obtained by the adop- 
tion of this recommendation. 

Having studied carefully the methods of weevil control which have 
heretofore been recommended, the writers firmly believe that the 
destruction of the stalks in the early fall ts the most effective method 
known of actually reducing the numbers of the weevil. Early destrue- 
tion will cost but a small fraction of the expense necessary to the fre- 
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quent picking up of the squares infested by hibernated weevils in the 
spring, and is far more thorough as a means of reducing the numbers 
of the weevil than is the practice of picking hibernated weevils from 
the young plants. 

Early destruction of the stalks is essential to the greatest success of 
any system of controlling this pest. All other practices recom- 
mended—early planting of early maturing varieties, thorough culti- 
vation, fertilization, etc. (see p. 163)—though very valuable in securing 
the crop, are perhaps of greatest value because they prepare the way 
for this early destruction which so reduces the actual number of wee- 
vils hibernating successfully that the other recommendations may 
yield their best results. Since the earliest investigations made by this 
Bureau upon the boll weevil, it has been recognized that this practice 
is of the first importance, and the experience of recent years has but 
added certainty to this conviction. Planters have, however, been slow 
to change their methods of cultivation, but enough have adopted the 
recommendation to prove its efficiency. It must not be thought that 
the procuring of the ¢mmedzate crop is the only desideratum. arly 
and complete destruction of stalks 1s undoubtedly the most important 
single element insuring success for the subsequent year. 


DISSEMINATION. 


Dissemination, in the broad sense of the term, may be considered 
as including all means or methods by which the weevil is spread to new 
localities. In the following paragraphs, under the subject of migra- 
tion, are included those factors by which dissemination is accomplished 
through some effort upon the part of the weevil itself. 


ARTIFICIAL AGENCIES. 


Among these agents will be enumerated the principal factors assisting, 
either directly or indirectly, in the movement of the weevils es 
from their own efforts. Two principal lines of spread will be found 
along railways and watercourses. Between localities separated by 
short distances traffic along highways is probably a large factor, and 
over longer distances the usual means of commercial traffic must be held 
responsible. Shipments of cotton, whether for ginning or in baled 
condition, are likely to carry many weevils. Shipments of seed for 
planting coming from infested localities are almost certain to carry 
weevils, and shipments of seed to oil mills may also assist in scattering 
_ them. The pests are often carried far outside of infested regions in 
the shipment of seed to northern and eastern oil mills. From the mills 
they are carried to the farmers in the hulls or other by-products 
_used for feeding cattle. Many of the isolated colonies in northern 
Texas originated in this manner. 
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WEEVILS IN SEED HOUSES AT GINNERIES. 


_ Careful observations made by Mr. EK. A. Schwarz at Victoria 
throughout the winter of 1901-2 revealed great numbers of weevils 
about the gins. ‘They occurred especially in the seed houses, and the 
danger of the transportation of the pests from one locality to another 
was most evident. | 

A casual examination of the dirt separators or cleaner feeders which 
are now in use in the more modern ginneries shows that immense 
numbers of weevils brought in from the fields are separated from the 
lint by these devices. Even where these separators are used, however, 
a short search will show that many weevils pass through, alive, into 
the seed house. A single hour’s search in the seed house of a first-class 
ginnery, where cleaner feeders are in use, yielded seven boll weeyils 
in perfect condition and a number of other and much larger insects. 
In addition to these, a number of fairly large spiders, most of which 
were in perfect condition, were also found. Occasionally pups may 
pass through the gins unharmed in small bolls in the cells formed by 
the larve. These cells are similar, both in size and shape, to the seed, . 
and may often be mistaken therefor. (Pl. IV, fig. 17.) Distribution 
of weevils in seed is therefore easily possible, and uninfested localities 
should guard carefully against importing weevils in this way. 

During the past season thorough studies have been made of various 
- general systems and mechanical devices used to handle cotton from 
the wagon to the bale. Careful tests were made to determine 
exactly at what points the weevils passed through the machinery alive, 
thus escaping into the seed. Study was also made to determine the 
most effective devices now in use for eliminating or destroying the 
weevils in the process of ginning. The general results of these studies 
have previously been published in Farmers’ Bulletin No. 209, entitled, - 
‘Controlling the Boll Weevil in Cotton Seed and at Ginneries.” 


GIN AGENCY AT BORDER LINE OF INFESTED TERRITORY. 


{xtended investigations made by a number of agents of the Bureau 
of Entomology early in the season of 1904 determined practically all 
points of infestation then existing in the western parishes of Louis- 
jana, and in each case, so far as was possible, the source of infestation 
was traced. In this way it was found that during the fall of 1903 
many cotton growers from the eastern edge of the infested district in 
Texas took their cotton across the line into Louisiana for ginning. At 
that time the Louisiana territory was not infested, but, through the 
practice mentioned, a number of gins became so infested with weevils 
that planters from the western parishes of Louisiana who came to 
these same gins with their cotton carried away weevils with the seed. 
It was found that these intermediate gins were largely responsible for 
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CONDITIONS FAVORABLE AND UNFAVORABLE TO WEEVIL SPREAD AND ACTIVITY. 


Figs. 79, 80, Small bolls taken from cotton seed in uninfested territory which later produced 
weevils; fig. 81, comparison of pilosity on stems of King and Mit Afifi cotton; fig. 82, section 
of boll injured by weevil feeding, showing puncture and dried gelatin formation—all nat- 
ural size (original). 
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numerous rather-isolated infestations which were discovered early in 
1904. The area thus scatteringly infested formed a narrow strip 
extending eastward from the area of general infestation varying in 
width from 5 to 50 miles, and comprising altogether an area of about 
2,500 square miles. The widest portion of this area coincided with 
the region of greatest commercial activity.- 


DISSEMINATION THROUGH SHIPMENTS OF SEED COTTON AND COTTON 
SEED. 


No more striking instance of the carriage of weevils in the seed 
cotton could be given than that by which the weevil was originally 
earried from the Brownsville region across a stretch of non-cotton- 
producing country nearly 100 miles in breadth to Alice, where the 
- cotton was taken for ginning in 1893 and 1894. But for this assist- 
ance the invasion of the principal cotton-growing area of Texas might 
have been many years delayed. 

Aside from circumstantial evidence, numerous observations have 
proven that weevils may, and often are, contained in shipments of 
seed from infested localities. Plate XIX, figs. 79 and 80, show two 
small bolls taken from seed thus shipped from infested to non-infested 
territory. When found, these bolls contained live weevils. This. 
instance is only one of many that might be given. 

On January 5, 1908, it was discovered that Texas-grown cotton seed 
was being imported into the southeastern part of the Laguna district 
in Mexico.* Examination of this seed, made by Prof. L. de la 
Barreda, revealed the fact that six lots had been received from infested ° 
points in Texas and that each of these lots was at that time infested 
with live boll weevils. The results of an examination of samples from 
three consignments is given below: 


TABLE XXX V.— Results of examination of infested cotton seed shipped to Mexico. 


Number 


of sacks Boll 
of seed | weevils | Alive. Dead. 
exam- found. 
ined. 
8 27 2 25 
4 11 2 9 
2 57 10 47 
14 $5 14 81 


The results of these careful examinations show only too clearly the 
possibility of transporting live weevils in shipments of cotton seed. 


@ Boletin de la Comision de la Parasitologia Agricola, II, 2, pp. 45-58. 
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TREATMENT OF SEED FOR SHIPMENT. 


Since under exceptional conditions it is often desirable and some- 
times necessary to allow limited shipments of seed from infested to 
noninfested territory, some means of treatment has been sought by 
which the danger of carrying live weevils with the seed will be prac- 
tically eliminated. To discover some effective method of treatment 
each of the most promising fumigants was carefully tested. Among 
these carbon bisulphid (CS,) proved to be most effective. Treatment 
with this, however, was successful only when the application was made 
with apparatus specially designed for this purpose. Instead of expos- 


ing the bisulphid above or outside of a mass of seed, as has been the 


usual practice heretofore, an apparatus was devised by which the 
vaporization of the liquid was forced and the vapor driven into the 
mass of seed and its diffusiom accelerated by pressure from an air 
pump. This method of foreing the vaporization and diffusion of 
carbon bisulphid is original, and has been fully deseribed in Farmers’ 
Bulletin No. 209, pages 9-11. By it two men ean treat fully a thou- 
sand bushels of seed in a day, with an experse, for bisulphid and labor, 


averaging about one-half a cent per bushel. Hven with the most 


careful treatment, however, it can never be guaranteed that seed is. 
absolutely free from the possibility of carrying live weevils, since, 
occasionally, the weevils may be found in small, hard, tightly closed 
bolls, such as: were those shown in Plate XIX, figure 79, before the 


weevils emerged. It is doubtful whether even a thorough treatment 


with carbon bisulphid would destroy weevils so thoroughly proteeted 
as were these.. The best that can be said of seed thus treated is that it 
is probably free from living weevils. 

For methods and experiments dealing much more fully with the 
general subject of the relation of gins to weevil dissemination we must 
refer to Farmers’ Bulletin No. 209. 

Besides guarding against unrestricted movement by shipment of 
possibly infested seed, great care must be exercised to properly clean 
cars in which shipments have recently been made. Experiments 
made in this work indicate that a satisfactory method of treating such 
cars where steam connection is available is to close the doors as tightly 
as possible and turn into the car a jet of live steam, continuing the 
treatment for about five or ten minutes. This treatment has been 
found to kill weevils placed in the least exposed portions of the car. 
A general outline of the experiment by which this conclusion is 
sustained is as follows: 

For treatment a box car was selected of 34 feet, inside measure, and 
having 60,000 pounds capacity. Weevils, part of which were fully 
exposed and part buried under about three-fourths of an inch of seed, 
were placed in the far corners of the car upon the floor. In one corner 
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also was placed a thermometer registering 140° F., which was the 
highest gradation obtainable. Steam under a pressure of 120 pounds 
was admitted through a half-inch pipe extending about 2 feet into the 
car and at about 2 feet from the roof. The temperature outside was 
about 55° F., with no wind blowing. The treatment was continued 
for five minutes. 

Upon examination it was found that the thermometer bulb had been 
shattered; weevils fully exposed were all dead, while those buried in 
seed were still alive. In another treatment continuing for ten min- 
utes the weevils buried in the seed were also killed. | 

These results indicate that as a general rule cars should be swept 
fairly clean before the treatment is attempted in order to insure suc- 
cess. The credit for these experiments belongs to Mr. A. C. Morgan. 


DURATION OF LIFE OF WEEVILS BURIED AMONG VARIOUS GRAINS, ETC. 


Owing to the fear that weevils will be shipped with grains, experi- 
ments have been made to determine how long weevils confined motion- 
less, as they would be when buried in a mass of grain during warm 
weather, might survive. The result of this experiment may be com- 
pared directly with the duration of life of weevils without food but 
unconfined (p. 47). 


TaBLE XXX VI.— Duration of life of weevils buried among grains, ete. 


Average duration of life. 


coer fe ; 

zo) aracter Oo 

Date started. ee edien Hie became daca Male. Female. 
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NATURAL AGENCIES. 
WINDS AND FLOODS. 


Floods and the motion of water along watercourses frequently serve 
to distribute many weevils along the edge of high-water mark. As 
river valleys are largely devoted to cotton culture, this would seem to 
be no small factor in the transportation of weevils. Heavy winds 
early in the season seem to be of comparatively slight importance, as 
weevils do not take flight readily when a strong wind is blowing, but 
light, warm breezes, such as prevail throughout the coast country of 
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Texas, undoubtedly tend to carry the weevils in a general northerly and 
northeasterly direction. The severe equinoxial storms which fre- 
quently occur in Texas during September, at the very time that.weevils 
seem to be most active in flight, have undoubtedly had a strong effect 
in carrying the weevils in this same general direction. Thus, after the 
severe storm which produced the disastrous flood at Galveston on 
September 8, 1900, it appears that the weevil had been spread north- 
ward over an area much larger than that covered by its usual annual 
migration. It seems altogether likely that the very warm, sultry 
period which almost invariably precedes these severe storms leads the 
weevils to take wing in large numbers, and the strong winds following 
these calms exert an influence in carrying the weevils which they 
have at no other season of the year. : 


MIGRATION. 


Two principal periods of extensive voluntary movement on the part 
of the weevils may be found during the season. ‘The first is when the 
hibernated weevils leave their winter quarters and go in search of 
food. Having found food, the movement is mainly controlled by the 
limitation of the food supply. So long as an abundance of growing 
tips or of clean squares is at hand, weevils will not travel far, but 
when the condition of total infestation is reached the period of greatest 
dissemination is also attained. In an attempt to secure an isolated 
location free from weevils, a small area was planted in the midst of a 
rice farm at Victoria, Tex., at a distance ‘of more than a mile from 
other cotton. Whether the weevils reached this field by flight or by 
some other means could not be definitely determined, but in some way 
the field became thoroughly infested during July. 

In any given field dissemination takes place mainly by the short 
flights and crawling of the weevils. The search of the female for 
uninfested squares is the principal factor in their spring and summer 
movement. This incident also appears to be one of the important 
factors in producing the annual migration which begins soon after the 
condition of maximum infestation has been attained. The exact time 
of beginning this movement seems to depend upon certain favorable 
climatic conditions accompanying an overstocked condition of the 
field. 

A number of special agents of the Bureau of Entomology were 
fully engaged in following the movement and studying the conditions 
accompanying the migration of 1904. A careful study of this move- 
ment has been made by Mr. W. D. Pierce, who, between August and 
December, gave his entire attention to the study of the migration of 
the weevils. From his preliminary report have been taken most of the 
conclusions embodied in the following paragraphs upon this topic. The 
observations of a single season furnish insufficient data to allow of 
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drawing reliable conclusions as to the most potent influence that deter- 
mined the direction and distance of flight. At this time, therefore, 
only the most significant facts observed can be given. 

. The border line of the generally infested area in Texas moved north- 
ward nearly 50 miles, reaching the limit of the area previously scatter- 
ingly infested. In a general way the migration of 1904 moved east- 

ward from about the boundary line between Texas and Louisiana, 
covering a narrow strip outside the eastern edge of the previously 
infested territory. The movement began first upon the southern point 
of this strip, extending from southern Louisiana northward, thus 

Cameron, Calcasieu, and Vernon parishes became successively infested 
between August 1 and 15, and the movement continued from Vernon 
through Sabine, De Soto, and Caddo parishes between August 15 and 
30. During September a comparatively small, restless movement of 
‘the weevils was noted, which carried the extreme limit of infestation 
somewhat farther eastward. During an unusually warm period pre- 
vailing during the early part of October a second general migratory 
movement took place, which, in turn, was followed by a restless move- 
ment similar to that occurring in September. The area newly infested 
by the August migratory movement included about 5,500 square miles, 
much of the territory covered being scatteringly planted with cotton. 

The October movement covered 2,000 square miles more, and brought 
the eastern edge of infestation into touch with the Red River Valley, 
and some of the richest cotton-growing area of Louisiana. The breadth 

of this newly infested strip was somewhat irregular, and averaged 
about 50 miles, in some portions reaching between 60 and 70 miles. 

The onward movement was checked by a marked fall'in temperature 
occurring about the middle of October, and it ceased altogether with 
the occurrence of frost. 

One of the most striking facts observed was that the weevils suc- 
ceeded in crossing bodies of water which, in some cases, were fully 
10 miles in breadth. Stretches of non-cotton-producing country were 
also passed which were fully 40 miles in breadth. During the entire 
period of migration it was noticeable that weevils in the fields took 
wing far more readily than they had done earlier in the season. In 
many cases, upon slight disturbance, weevils were seen to rise above 
the roofs of houses and the tops of tall trees and disappear from view. 
How high they ultimately rose in flight no one can say, for the eye 
could not follow them farther. 

There are available no detailed daily reports showing the direction 
and velocity of the wind during the few days within which most of 
this migratory movement occurred. If such reports could be had 
they might show for that period a general atmospheric movement con- 
siderably different from the general average prevailing for the month. 
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In relation to the general direction of the wind for each month, the 
movement seemed to be eastward across the wind, which was blowing 
from the south and southeast, 

A study of the temperature conditions prevailing at 9 points, rang- 
ing between Cameron and Shreveport, La., shows that during the 
period of migratory movement the mean average temperature ranged 
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Fic 5.—Map showing successive weevil movements into Louisiana (original). 
between 75 and 84° F. The general outlines of the various moyements 
are shown and explained in figure 5. 


EFFECT OF DEFOLIATION UPON WEEVIL MOVEMENT. 


During the past autumn special attention was given to this subject. 
Fields under observation were stripped three or four times in numer- 
ous cases by the cotton leaf worm Alabama argillacea Hbn. In such 
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fields all growth of cotton ceased. As the condition of maximum infes- 
tation had been reached by that time, the complete removal of foliage 
early in August allowed light and air to reach the unopened bolls of the 
bottom crop and hastened their maturity. For this reason alone many 
planters consider the leaf worm a friend rather than anenemy. In con- 
sidering the effect which this defoliated condition must have upon the 
boll weevil, it must be remembered that wherever weevils are present 
in abundance there can be no possibility of a top crop. The work of 
the leaf worms does not, therefore, reduce by any considerable amount 
the yield which will be obtained. During severe attacks both foliage 
and squares are wholly destroyed. Thus the leaf worm not only cuts 
off directly and effectively the food supply of the weevils, but it also 
deprives them of shelter within a period of from 7 to 12 days. In 
many cases the multiplication of the weevils becomes practically 
stopped. Large numbers of the adults are forced either to move or to 
starve. Numerous observations have shown that multitudes of these 
adults die under these conditions in the field, and it is also certain that 
the condition of the cotton forces a general movement or migration of 
very large numbers of weevils when accompanied by favorable weather 
conditions. It is natural to suppose that this generally forced move- 
ment may result in a longer migration than would take place under | 
more favorable food conditions. This of course would be unfortunate 
so far as the adjacent territory is concerned. It appears that exactly 
these conditions of defoliation, accompanied by favorable weather con- 
ditions, prevailed in east Texas during the autumn of 1904, and it is 
possible that they account in some degree for the long flights, which 
must have been taken by multitudes of weevils, covering in the course 
of this migratory movement a strip 30 to 70 miles in width. 

If we turn our attention to subsequent conditions in the original 
field, we will find that the defoliation is really there a blessing. By 
hastening the maturity of bolls already formed the season is shortened 
and the way cleared for early destruction of the stalks. By complete 
and repeated defoliations the leaf worm accomplishes for the planter 
a partial early destruction of the plants. Fall development of the 
weevils is checked. Unsheltered adults perish or leave the fields, and 
inevitably the number of weevils hibernating there becomes very 
greatly reduced. Itisperhaps unfortunate that the leaf worm seldom 
works uniformly throughout a field. Especially around the edges of 
_ the field large numbers of plants escape its attack, and not infre- 
quently patches of considerable size in the midst of a field still remain 
green, while surrounding portions are completely defoliated. Upon 
the green areas the weevils gradually become concentrated, and there 
they not only exist, but may also reproduce somewhat until hiberna- 
tion time arrives. It should not be thought, therefore, that the leaf- 
worm has done all the work of the destruction for the planter, but by 
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following up closely the good work begun by them, the planter may 
destroy the stalks so much earlier and thus prowidé a very efficient 
assurance for the next year’s crop. ; 

Most planters i in the weevil-infested territory are now -detoriieed 
not to poison for the leafworm in the fall, since with both evils pres- 
ent, the weevil and the leafworm, the latter has. become a friend rather 
on an enemy. 


NATURAL CONTROL. 


Doubtles many factors are concerned in the natural control of the 
boll weevil. The most important ones are probaly included among 
the following topics: 


MECHANICAL CONTROL. 
PILOSITY OF PLANT OBSTRUCTING WEEVIL MOVEMENT. 


In testing the susceptibility of various cottons to weevil injury it 
it was found that the variety of Egyptian cotton grown (Mit Afifi) was 
more severely injured than was any other. The next in order were 
Sea Island and Cuban tree cotton, while the American cottons, repre- 
sented especially by King’s Improved, were less severely injured than 
were any of the others. It may be noted that the three varieties first 
mentioned seem more closely related to each other than any of them 
do to the American. The reason for the evident choice of these cot- 
tons was carefully sought for, but the only difference which seemed 
worthy of consideration was found in the varying degree of pilosity 
upon the stems (Pl. XIX, fig. 81). It was found that Egyptian stems 
were almost perfectly smooth, while Sea Island and Cuban resembled 
it closely in that. respect. Many American cottons, and King’s 
Improved especially, are quite pilose, and it was often noted that upon 
these weevils showed some slight difficulty in moving about or in 
climbing the pilose stems of the plant. While this obstacle to weevil 
activity nay seem slight to account for the evident selection of the 
smoother varieties, no greater difference could be found. Asis shown 
by Table XIV, on page 64, the selection is not due to a difference in 
taste of the squares. 

In order to test the resistance which varying degrees of nilesify 
might offer to weevil progress, a number of experiments were made 
with various stems or fruits. In climbing upon the stems of King 
plants weevils would catch the spines with the forefeet while pushing 
themselves upward by means of the tibial spurs of the hind legs placed 
against the epidermis and between the spines. It was evident that 
their progress was considerably hindered, and several attempts were 
often made before a firm foothold was focaroll. 

Okra pods were next tried, as upon them the spines are very short 
and stiff. Weevils climbed these pods with little difficulty. 

The seed pods of Sunset Hibiscus were also tested. The spines 
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ENEMIES OF THE WEEVIL. 


‘Fig. 83, Interior of square, showing dried gelatin formation among anthers, natural size; fig. 84, 
small larva of Bracon mellitor destroying large weevil larva inside square, natural size; fig. 85, 
Pediculoides ventricosus breeding upon nest of wasp larve, enlarged two diameters (original). 
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upon these are from 2 to 3 millimeters long; they stand thickly and 
are quite stiff. Over these spines weevils walked easily, but though 
they attempted vigorously to get their heads down between the spines 
far enough to feed, they were unable to do so. A number of weevils 
were kept for several days upon these pods, but they were unable to 
feed. The spines’ were then removed from a small area, and the 
insects began to feed immediately. 

Weevils travel with difficulty over loose cotton fibers, as their feet 
become entangled among them. 


PROLIFERATION AND ITS EFFECT IN BOLLS AND SQUARES. 


In making careful examinations of thousands of squares and bolls 
attacked by weevils, it has been found that an abnormal condition of 
the interior usually follows closely upon the weevil attack. This con- 
dition is not, however, characteristic of weevil work, but appears to 
be a physiological reaction to injury such as feeding punctures made 
by weevils, bollworms, or other insects, in cases where the injury 
done is not sufficiently great to cause the immediate and total destruc- 
tion of the square or boll attacked. The abnormal condition referred 
to is characterized by a change in texture and structure of the tissues 
which is very marked. The change appears to begin usually near the 
outer ends of the tissues which have been wounded by the attack, and 
is caused by a proliferation of tissue cells. It may be likened toa 
partial swelling of starch granules. The tissues lose their firmness, 
form, and normal texture, breaking up into a mass of soft eae 
Eales or cells. This Sean often spreads beyond the immediate 
point of origin (Pl. XIX, fig. 82). Not infrequently decay ensues, 
and the entire mass shrinks in volume and turns dark brown in anler 
(Pl. XX, fig. 83). For the present purpose, and until a minute study 
can be made of this phenomenon, it will answer our purpose to describe 
this change as a process of gelatinization, and to call the pulpy trans- 
formed tissue gelatin, because of its general paar resemblance 
thereto. 

The nature of the change appears to be the same in both squares 
and bolls. By the increase of the pulpy mass considerable pressure 
is produced, so that frequently the squares are badly distorted in form, 
and bolls have been seen in which the pressure was so great as to force 
out a column of the gelatin through an oven feeding puncture of a 

small bollworm. 
; GELATIN FORMATION IN BOLLS. 

This formation occurs commonly in small bolls, and more rarely 
after the bolls become more than two-thirds grown or nearly matured. 
Examination of a series of about 800 bolls shows that in between 95 
and 98 per cent of all locks attacked by the weevil gelatin formation 
results, regardless of the variety of cotton or the nature of fertilizers 
which may be applied. Rainy weather and wet ground seem to favor 
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the formation. The percentage of weevil larve found in these bolls 
was exceedingly small, averaging only about 5 per cent. The number 
was so small that no definite conclusions could be drawn as to the 
effect of the gelatin formation upon the development of larvee, unless 
it be that the small percentage of larvee found in itself shows that the 
formation was decidedly effective in destroying either eggs or very 
young larve, thus reducing greatly the number of weevils produced. 
Where larvee were found it appeared that the percentage of nrortality 
was somewhat greater in bolls from early maturing cotton than in the 
bolls from late varieties of cotton. 

An examination of nearly 1,000 bolls, partly of King and partly of 
late cotton, in the autumn ae 1903 showed a very decided difference 
in the eee of dead larvee found in the two varieties tested. In 
the native cotton the percentage of dead larvee amounted to about 20, 
while in King over 41 per cent were dead. In this examination large 
numbers of larve were found. The results of the examinations in 
these two seasons are strikingly different, and as yet no xp 
of the difference can be given. 


GELATIN FORMATION IN SQUARES. 


Experiments thus far made have failed to show that either the per- 
centage of gelatin formation or the injurious effect of this formation 
upon weevil development can be changed by the application of vari- 
ous fertilizers or by any special treatment given the plant. Nitrate 
of soda and acid phosphate, alone and in combination, were _ fertil- 
izers used in the several tests made. 

Comparative examinations indicated that a somewhat larger propor- 
tion of the squares attacked form gelatin in the case of early maturing 
varieties than with late native varieties of cotton; as in the bolls in 
the autumn of 1904 a large percentage of squares having a gelatinous 
formation failed to show any trace of weevil development, though 
external indications showed that the squares had received egg punc- 
tures. Gelatin formation has often been found to begin before the 
hatching of the egg, and apparently large numbers of young larve die 
when they hatch into this gelatinous environment. 

This physiological reaction becomes, therefore, an important factor 
in the resistance of the plant to weevil attack, and from present indi- 


cations it appears that if a truly resistant variety of cotton is ever 


produced its development will be based upon this factor. 
CLIMATIC CONTROL. 


Three principal factors affect the development, spread, and destruc- 
tiveness of the boll weevil—temperature, precipitation, and food sup- 
ply. So perfectly has the weevil become adapted to its single food 
plant that it is a very noticeable fact that the climatic conditions which 
are most favorable to the growth of the plant are most favorable also 
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for the normal activities and development of the weevil. Affecting 
one in the same direction as the other, the pest is, therefore, enabled 
to very closely keep pace with its food supply under all kinds of 
natural conditions. 

The most favorable conditions for the weevil are a high temperature 
and abundant moisture throughout along season. These conditions 
favor the growth of the plant and produce a very large number of 
squares, which supply abundant opportunity for the rapid multiplica- 
tion of the weevils. Severe drought checks together the growth of 
the plant and the development of the weevils. It has not yet been 
determined whethér the death of larve in fallen squares exposed 
directly to the rays of the sun is due principally to the heat produced 
or to the complete drying of the food supply. It is certain, however, 
that one or both of these factors produce a considerable mortality 
among the larve and pupe so exposed during long-continued hot and 
dry weather occurring before the plants have become large enough to 
shade most of the ground. After that the shade produced preyents 
most of the good work of the sun in destroying weevils. = 5 © 


TEMPERATURE ENDURED BY WEEVIL LARVZ IN SQUARES EXPOSED TO 
SUNSHINE. 


During the middle of August, 1904, at which time it was expected 
that the maximum temperature for the summer would be obtained, 
over 500 squares were spread upon bare ground where fully exposed 
to direct sunshine. During part of these tests the thermometric read- 
ings were furnished by a maximum thermometer so wrapped with 
leaves as to give the mercury about the same protection from the 
sun as was had by larve in squares. In another part of the test a 
thermograph was properly adjusted and so placed as to record the 
temperature prevailing at the surface of the ground. The results of 
these tests appear in the following table: 


Taste XXX VII.—Temperature endured by young stages in squares. 


| Percentage] Percentage 
aabee : Number , Percentage) Percentage| of squares | of squares 
of Maximum of of total of total | showing | showing 

Lot No. squares degree weevils | squares squares | weevil de-| weevil de- 
enced _ of heat. devel- (developing) showing | velopment |/velopment 

' a oped. weevils. | mortality. | becoming found 

adult. dead. 
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A comparison of the temperatures obtained at the surface of the 
ground with those recorded in a shelter such as is used by the Weather — 
Bureau in obtaining all standard temperatures shows that at the surface. 
of the ground in the sun the temperature ranges between 20° and 30° 
higher than the temperature recorded in the shade. The maximum 
Weather Bureau temperature obtained for the period of the test was 
94° and 94.5°, while the ground temperature reached the maximum of 
119° or 120°. The examinations made at these temperatures showed 
that they had produced practically no fatal effect upon the weevil larve 
and pupee, since it is reasonable to assume that a small percentage may 
be expected to die even under the most normal conditions. 

At Victoria it not infrequently happens that the temperature in the 
shade goes above 100°, though this temperature has not been reached 
during the past two seasons. It seems very probable that when the 
temperature in the shade reaches or goes above 100° F. the tempera- 
ture at the surface of dry ground, especially if the soil be light and 

ae will be found to exceed 130°, and at that temperature a come 

le mortality among weevil stages in squares exposed to the sun 
mio reasonably be expected. It is probable that drought and dew 
conditions will be found to be important factors in determining the 
mortality in the sun. 

In July, 1901, at San Carlos, Coahuila, Mexico, Mr. A. F. Rangel, 
in the course of eaten and experiments which he made for Prof. 
A. L. Herrera, recorded a mortality amounting to 75 per cent among 
the larvee in squares fully exposed to sunshine during a severe drought, 
while the temperature ranged from 104° to 117° F. at the surface of 
the ground and in the sunshine. 


TEMPERATURE ENDURED BY WEEVIL STAGES IN WINTER. 


It is still an open question as to how low winter temperatures the 
weevil can withstand. It is certain that in southern Texas many larve 
and pupe slowly continue their development during the winter season. 
Mr. 8S. G. Borden, of Sharpsburg, Tex., in a letter written January 
27, 1896, says: 

Hands clearing up cotton stalks report plenty of the larve in dry bolls. 


Mr. Schwarz found weevils hibernating in all stages, except the 
ego, at Victoria, Tex., during February, 1902. At the same locality 
in January and February of 1904, the weevils in larval, pupal, and 
adult stages were taken alive from dry bolls by Mr. J. D. Mitchell, a 
resident and cotton planter of that place. 

After the weevils first made their appearance at San Antonio in the 
fall of 1895 they were supposed to have been entirely destroyed by 
frosts during the following winter. The lowest temperature recorded 
at San Antonio for that winter was 26° F. on December 30, 1895. 
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On January 2, 1896, Professor Townsend made an examination of the 
condition of the weevil, and, so far as he found, all larve in bolls were 
then dead, while pupe and adults were all alive. In spite of the mild- 
ness of the remainder of the winter the weevils did no damage to the 
crop of 1896, and were not found in fields in which they were present 
the year before. In writing of this unexpected condition, on October 
19, 1896, Professor Townsend says: 

The timely drought of last of May and first of June is what killed the weevils this 
year. 

There is therefore some doubt as to whether frosts or drought were 
responsible for the destruction of the weevils at San Antonio in 1896. 

At Victoria, on February 17, 1903, the lowest temperature recorded 
by the Weather Bureau report was 20° F., but many weevils hiber- 
nated successfully. Doubtless much lower temperatures than this 
were experienced in more northern localities in the weevil belt, but 
in no place have the weevils been exterminated thereby. 

A more extensive study of the effects of winter temperatures in 
various localities in Texas and Louisiana is being made at the present 
writing. | 

EFFECT OF RAINS UPON DEVELOPMENT OF WEEVILS. 


It is often said by cotton growers that ‘‘rain brings the weevils.” 
* The principal reasons for this idea are that rains, in squaring time 
especially, produce conditions greatly favoring the immediate develop- 
ment and subsequent injury of weevils, while at the same time they 
make more apparent the amount of injury already done. An abun- 
dance of rain following a long dry period naturally causes great num- 
bers of squares to fall from purely physiological causes, while at the 
same time it knocks to the ground such previously infested squares as 
have become weakened in their connection with the plant and which 
would fall naturally within a few days. The large number of squares 
to be found on the ground immediately after a storm would seem to 
account for the prevalence of the opinion mentioned. A large degree 
of moisture in fallen squares seems to favor directly the growth of 
larvee within, thus producing quickly a large number of weevils ready 
to do fer injury. 

While it is a mistaken idea that rains first bring the le it is 
true that they favor weevil increase in several ways. Frequent rains 
increase the growth of the plant and lead to the production of a larger 
number of squares which may become infested. Driving rains knock 
_ off infested squares, and by softening and moistening the food hasten 
the development of the larve within. Squares which are already 
upon the ground are protected during rainy weather from sunshine 
and drying. Rain hinders the enemies of the weevil far more than it 
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does the development of the weevils themselves.- In several suen 
_ ways rains contribute directly or indirectly to the more rapid multi- 
plication of weevils and cause the common impression among cotton 
planters alluded to. 


EFFECT OF WET WINTER WEATHER ON HIBERNATING WEEVILS. 


ose to the writer’s absence from Victoria during the winter 
months, observations could not be made directly or immediately upon 
this point. It was found, however, that all weevils in hibernation 
tests which passed the winter successfully had been kept dry. The 
winter of 1902-8 was unusually wet at Victoria, and the number of 
hibernated weevils which were to be found on early cotton plants was 
noticeably less than during previous seasons which had been dry. It 
seems probable, therefore, that as many weevils perished from fre- 
quent wetting as from exposure to the cold. The winter of 1903-4 
was generally dry and the number of weevils hibernating successfully 
was larger than in the previous year. 


EFFECT OF OVERFLOWS IN FIELDS. 


Unusually favorable conditions for these observations were obtained | 
at Victoria in the season of 1903. During the latter part of February 
an overflow of the Guadalupe River covered many of the cotton fields 
along its course. The fields in which especial study was made were — 
wholly submerged from one to several days. Cotton was planted in 
some of these fields between March 15 and 17. Owing to cold 
weather the growth of the plants was delayed and squaring did not 
begin until between May 10 and 17. Immediately after this date it 
was found that weevils were present and at work, and fallen squares 
were first found about May 23. From a study of this field it became 
apparent that the overflow had caused a considerably less decrease 
than had been anticipated in the number of hibernating weevils. 
Possibly the fact that the winter of 1902-3 had been exceptionally 
rainy may account for the lack of contrast in weevil abundance in 
overflowed fields and those which did not suffer in this way since, as 
has already been noted, hibernated weevils were unusually searce, in 
the vicinity of Victoria, even on uplands. 

Another period of bee water occurred during the last of Jume and 
the first of July and gave a convenient opportunity to note its effect 
upon active weevils. Many fields were partially and some wholly 
submerged. This condition lasted for several days. Examination 
made after the recession of the water showed that many fallen squares 
which had certainly been in the water for some time contained unin- 
jured larye and pupe. Naturally eggs and larve found in squares 
upon the plants, even though under water for some time, escaped 
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unharmed. Weevils were working normally upon the plants. No 
diminution in their numbers could be seen and it was apparent that 
the overflow caused no check either to the development of the imma- 
ture stages or to the activity of the adults. These observations 
emphasize the fact that the weevil can not be drowned out. 


LABORATORY OBSERVATIONS UPON TIME WEEVILS WILL FLOAT OR 
ENDURE SUBMERGENCE. 


These tests were divided into two parts, each of which includes 
both the immature and mature stages. In each part floating and sub- 
mergence were tested. 

Sixty squares believed from external examination to be infested 
were floated in a driving rain for six hours. They were then removed 
and left for several days, during which time 75 per cent of them pro- 
duced normal adults. Ten squares which were floated in driving rain 
for six hours were opened at once, and in every case found to be but 
slightly wet upon the inside. These contained 6 larve and 4 pupe, 
and all were in perfect condition. 

As squares float normally, submergence tests were considered 
extreme. Five squares were submerged for six hours, and after that 
produced 3 normal adults; 1 pupa died, and 1 square was found to 
have been uninfested. Five more squares were submerged for thirty- 
one hours. These produced 2 normal adults, and 1 pupa died in the 
process of molting after removal from the square. Death was prob- 
ably caused in the last case by drying; 1 square was found to contain 
a dead pupa, and 1 was not infested. To test the possibility of its 
living, should the square be penetrated by water, a naked pupa was 
submerged for six hours, but in spite of this unusual treatment it pro- 
duced a normal adult. Numerous larve removed from squares and 
placed in water pupated in one or two days, and several pupe remained 
alive though floating for several days in water before they transformed 
into adults. 

In the tests made upon the floating power of adults, weevils were 
isolated and placed in water in tumblers. They were dropped from a 
considerable distance above the surface, so that they became entirely 
submerged, and they rose to the surface naturally. ‘The surface 
tension of the water was found to be sufficient to float weevils which 
were placed upon it carefully. The generally hairy condition of the 
‘surface of the weevil’s body prevents its being readily wetted, so that 
it may struggle for some time in the water without becoming really 
wet. When dropped, as described above, weevils float head downward, 
with the tip of the abdomen above the surface. In the submergence 
tests weevils were held down by a wire screen, and all bubbles were 
removed from their bodies by a pipette, thus making the tests as 
severe as possible. 
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TABLE XX XVIII.—Lfects of floating and submergence on all stages. — 


: Nor- 
“he Time Dead ede mal 
Conditions of test. ae at end ~ | adults Remarks. - 
est. exami- f 
of test. naioe after 
*) > test 
Hours. Days. 

Sixty squares floated in rain. Ginliexesee terse 4to8 45 | 5 squares contained dead larve; 3 
pupe destroyed by ants, and 7 unin- 
fested. 

Ten squares floated in rain-. 6 | None. | None. }........ Squares but slightly wet inside; 6 
Aone and 5 pupe& all alive and nor- 

‘mal. : 
Five squares submerged.... GN Me eee 7to8 3 | 1 pupa dead; 1 square uninfested. 
LUG She A aes eee Ca Bae 31 |1 pupa. | None. 2|1 pupa and 2 larve alive after test; 
squares not wet much inside. 

One naked pupa submerged. 6 Ou ee Ss 1 

Ten adults floated.....--.... 25 ORE Sees 6 

One. Cee Ua ional 112 Db hee pee 2 | 6 recovered so as to feed, but 4 died in 
from 2 to 7 days; 1 lived 36 days and 
laid 58 eggs. 

Five adults submerged..... 3 Qu cere ese. 3 
1) AOS 5 a As a apes 15 aes Wi 5 ae 3 | 2 males died soon; females laid 43 eggs 
in 15 weevil days. 

Ten adults submerged ...... 25 Oilers 0 | 1 lived through test, but never fed. 

Fourteen aduits submerged . 48 AS ee s.catos 0 


| 


In the case of squares floating normally it is evident that they might 
remain in water for several days without injury to the weevil within. 
Very slight wetting of the cell takes place even under the extreme con- 
ditions of submergence. The effect of a brief flood would not, there- 
fore, be at all injurious. As adults float as readily as do squares, they 
may also be carried long distances, and, furthermore, they are able to 
crawl out of the water onto any bushes, weeds, or rubbish which they 
touch. Even when floating for several days continuously they are 
able to live and may be carried directly to new fields. The floating of 
adults and infested squares explains the appearance of weevils in great 
numbers along high-water line immediately after a flood, and indicates 
that probably the most rapid advance the pest will make in the United 
States will be into the fertile cotton lands of the Red River Valley in 
Louisiana. , 


PROBABILITIES AS TO THE INFLUENCE OF CLIMATE UPON THE WEEVIL 
IN COTTON REGIONS NOT NOW INFESTED. 


The influence which the lower temperature prevailing over the 
northern edge of the cotton belt, and other varied conditions prevailing 
in special sections, may exert upon weevil development, destructive- 
ness and spread is as yet largely problematical. A comparison of the 
data obtained at Victoria in 1902 to 1904, with that obtained at points 
in northern Texas and western Louisiana in 1904, throws light upon 
some of these points. It has been demonstrated that under the influence 
of the lower temperature prevailing at points like Terrell, Tex., there is 
produced at least one less generation of the weevil than at Victoria. In 
its migratory movement in the fall of 1904, the weevil covered a strip 
of new territory about 60 miles in width. The weevil is now about 
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to encounter a number of new conditions, and such questions as the 
rate of development and the degree of destructiveness which it may 
show under these conditions are of much interest, as there is now 
apparent no factor which promises to permanently check the onward 
movement of the pest before it will have reached the limits of cotton 
cultivation in the United States. 

During the past century the attention of many botanists and zool- 
ogists has been drawn to the relations existing between geographic 
areas and the distribution of plants and animals. In this country 
the limits of the well-defined zones and the laws governing the distri- 
bution of plant and animal life through those zones have been most 
carefully determined by Dr. C. Hart Merriam, Chief of the Division of 
Biological Survey of the United States Department of Agriculture.¢ 
_ A few years before the publication of Doctor Merriam’s completed 
results Dr. L. O. Howard, Chief of the Bureau of Entomology, first 
applied the principles underlying geographic distribution to a study 
of the probable spread of a number of species of very injurious 
insects, most of which had been imported into this country,’ and 
recently he has made a more extensive study of a very practical nature 
concerning the geographic distribution of the yellow-fever mosquito.¢ 
Many observations have shown that in general the limits of the spread 
of an imported insect pest may thus be approximately determined. 
It is therefore not out of place to consider at this time some points 
in regard to the probable status of the boll weevil in the cotton belt 
outside of Texas. 

According to the map published by Doctor Merriam, the entire 
cotton-growing area of the United States lies within the Lower Austral 
Zone, the northern limit of which is marked by the isothermal line 
showing a sum of normal positive temperatures (above 32° F.) amount- 
ing to 18,000° F. The weevil has already become established near 
Sherman, Tex. As nearly as can be told from data at present avail- 
able, the isothermal line passing through Sherman, if extended east- 
ward, would pass along the Red River Valley, through the extreme 
southern part of Arkansas, across central Mississippi and Alabama, a 
little south of Atlanta, Ga., and thence curve northeastward through 
South and North Carolina. It therefore becomes evident that ‘‘tem- 
perature” will not prevent the spread of the weevil eastward. Even 
if it should not go beyond the isothermal line within which it now 


¢ Bulletin 10, U.S. Dept. Agr., Division of Biological Survey, Life Zones and Crop 
Zones of the United States. 

® Proc. Entom. Soc. Washington, Vol. III, No. 4, pp. 219-226. ‘‘Notes on the 
Geographic Distribution in the United States of Certain Insects Injurious to Culti- 
vated Crops.”’ 

¢ Treasury Department—Public Health Reports, Vol. XVIII, No. 46. ‘‘Concern- 
ing the Geographic Distribution of the Yellow Fever Mosquito.’’ 
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thrives, its territory would still include most of the great cotton belt 
of the United States. Furthermore, there is no evidence to show that 
the weevil has yet reached its most northern limit, and the probability 
remains that it may yet show itself capable of existing anywhere 
within the Lower Austral Zone where cotton can be grown. 

A comparison of the positive temperatures of various localities in 
the northeastern part of the cotton belt with that of Victoria, Tex., 
during the six months from June 1 to November 30, 1902, naturally 
reveals a considerable range of difference, as does also a comparison 
of the average temperatures prevailing in those localities during the 
same period for the preceding eleven years. Wherever it is con- 
sidered in its effect upon the development of the weevil the tempera- 
ture given is expressed in degrees of effective temperature—that is, 
the actual temperature above 48° F. The mean average effective 
temperature for any month multiplied by the number of days included 
has been considered as giving the total effective temperature for that — 
period. While this method does not give exactly the correct figures, 
it will furnish data for a comparison of the various localities, and this 
study of temperatures will undoubtedly reveal facts which will exert 
considerable infiuence upon the status of the re in other localities 
into which it is liable to spread. 

The total effective temperature for Victoria, Tex., from June 1 to 
‘November 30, 1902, was 6,607° F. For the same period at Dallas, Tex., 
it was 5,626° F., and at Adlant, Ga., it was 5,052° F. 

The average mean total pene pore for the sections of 
Texas, Louisiana, and Georgia, as given by the Weather Bureau for a 
series of eleven years, are as follows: Texas, 5,716° F.; Louisiana, 
5,578° F.; Georgia, 5,234° F. 

The effect of this decrease in temperature will doubtless be in some 
measure counteracted by a certain degree of adaptation thereto on 
the part of the weevil, but it still seems probable that in the tempera- 
ture of Georgia a considerable reduction in the number of generations 
will be found. The emergence from winter quarters will probably be 
considerably later than the middle of April. The development of 
progeny will not be as rapid as has been described for Victoria, Tex., 
in preceding pages. Furthermore, it seems likely that during the 
warmest periods the life cycle will require from 22 to 24 days. The 
consequent limited number of generations in a season will be still 
further curtailed by the earlier period of hibernation, which it seems 
will begin as early as the latter part of October or the first of Novem- 
ber, instead of during December, as was the case during the past three 
years at Victoria. The date of the killing frosts will, in a general 
way, fix the end of the active season for the weevil, and this will 
therefore vary considerably from year to year. 
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Taste XX XIX.— Temperature comparisons of various cotton sections. 


Monthly average normal mean for 11 years, 1892-1902. 


Victoria, 
Tex., ay- es 
—— erage | Dallas, | Shreve- | Atlanta,| Texas | LOWSI- | Georgia 
i (4902, Tex a : ana sec- 2S 
1903, and ex. port, La. a. section, tion. section. 
1904 : : 
only.) | 
OP. on OE oh | Cope OF. oF. 
ROMS ens Co ce wens aoe med 80.3 80.5 79.9 78.0 80.6 80.1 78.2 
JL 26S SRS Sees aoe ree 81.6 83.3 82.4 80.3 88.9 83.5 80.1 
AO ES 1G ak Se ere ee 84.5 82.8 82.5 79.2 82.8 81.6 79.0 
SE 2 ee ea 80.0 77.4 77.8 70.2 77.3 Tih 74.7 
DLE | RIC RIPE SR ae ee ee Spas 68.1 67.1 62.6 67.9 67.7 64.5 
Seagmonayer a. ee 64.5 | 56. 7 56.8 57.8 Pind 58.9 58.9 
Average for 6 months.... 77.2 | 74.8 | 74.4 71.2 | 74,6 | 74.6 | 72.2 


From these considerations of temperature difference, and judging 
the varying influence as ascertained at Victoria, it seems that the 
weeyil may prove less and less destructive as it spreads to the cooler 
portions of the cotton belt, though this supposition is likely to be 
modified by the ability to adapt itself to new conditions. 

While it must be admitted that nothing, so faras now known, seems 
certain to prevent the spread of the weevil to any latittide where cotton 
is now grown, it does seem probable that its control may be more easily 
accomplished in the more northern portions of the cotton belt than in 
the Texas area now infested, and since it has been most positively 
demonstrated that better than the average crop may here be grown 
in spite of the depredations of the weevil, there would seem to be no 
special reason for a panic over the future of the cotton crop. (PI. 
XXIII, fig. 93.) Cotton has been and still will be grown in spite of 
the weevil. The present promise is that those planters who enter the 
struggle with determination, and who adopt the advanced methods 
which have proven successful wherever tried, will realize practically 
as large a profit from cotton raising in the future as it has been 
possible to obtain in the past. 


DISEASES. 


Especially in moist breeding jars, weevils often die from what 
appears to be a bacterial disease. The body contents liquefy, turning 
to a dark brown in color, and have a putrid odor. Death follows 
quickly, though not until after putrefaction has begun. The fre- 
quency with which several weevils died in the same jar at about the 
same time indicates that this disease may be contagious. It has not 
been found in the fields, however, and may have been due entirely to 
abnormal laboratory conditions. 

It is doubtful whether the following observations upon fungus 
attacks upon weevils should properly be classed with diseases, but as 
there is a possibility that the attack may have been of this nature, the 
observations may be given here. 
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In July, 1902, a lot of squares sent by mail from Calvert, Tex., to 
Victoria was so long delayed upon the road that they were very 
moldy when received. ‘Thirteen apparently healthy pupeze were 
removed from these moldy squares with the intention of rearing the 
adults. The pupe were kept moist, and in a short time 5 died, 
apparently from the attacks of an unknown species of fungus. The 
remainder were then kept dry, but in spite of this precaution 6 more 
died, only 2 becoming adult. In another lot of 27 pupe, 5 died 
apparently from attacks of the same fungus. 

Specimens of the dead pupz were sent to the Pathologist of the 
Bureau of Plant Industry of the Department for determination of the 
fungus. It was pronounced to be a probably new species of Asper- 
gillus. As no species of this genus is known to be parasitic, it may 
be that the pupe died from some other cause and that the fungus was 
entirely saprophytic. The external appearance of the fungus so soon 
after the death of the pupe, the large mortality prevailing, and the 
known fact that pupe developed uninjured in the presence of many 
species of molds lead to the suspicion that it may have had some 
part in causing the death of the insects. 

In 1894 Prof. C. H. T. Townsend, while engaged in the study of 
the boll weevil, found in a field at a Juan Allende, Mexico, a speci- 
men of a dead pupa which had been attacked by a eee of parasitic 
fungus (Cordyceps sp.). ‘As no other cases of attack by this fungus 
have been reported, its occurrence is probably very rare. 


PARASITES. 
BREEDING OF PARASITES. 


Owing to the importance attached to parasites in the control of 
many pests, considerable time has been devoted to the rearing of para- 
sitic enemies of the boll weevil. From the very nature of the habits 
of the weevil, no perfectly satisfactory method of breeding these para- 
sites could be devised. The apparatus used was exceedingly simple. 
Squares which were thought to be infested were picked or gathered 
in the field, and cleared, so far as was possible, of all that might pro- 
duce parasites not developed from the weevils. Small lots of these 
squares were placed in paper bags, each fitting tightly over the open 
mouth of a glass jar. As both parasites and weevils upon emergence 
naturally make their way to the light, they could easily be seen in the 
glass jars and at once removed. Even when thus bred something 
must be known of the habits of each species of insect produced or of 
its close allies to determine whether it is really a parasite upon a 
weevil larva, a hyperparasite, or merely a vegetable feeder devel- 
oped in the decaying square. Many small flies breed in such decaying 
matter and many were caught in the jars, but these must all be acquit- 
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ted of being parasites upon the weevil. The results are therefore 
made somewhat uncertain because of the impossibility of isolating 
the weevil larve. A condensed summary of the results in breeding 
parasites through two seasons’ work is presented in Table XL. 


TABLE XL.—Breeding of parasites. 


Parasites. 
; Weevils 
Locality. Collector. Date. Squares. | “pred. | Bra con ee 
mellitor Ane 
Squares picked from plants 
and from ground. 
1902. 
GailivienGe Mex. 26.2.1 cai cee GaHepHanrnise. jase July, August... 2, 566 277 3 I 
Wactoria, TG 2.2.2. eee Weel oo Ruimds: s.r scl'soae= Gore re. 645 210 1 I 
Wi Di Hunter <2. 
Guadalupe, Tex. 2.5... 22~- Wet! Hinds«..... aoe verlie 387 108 1 v 
903. 
WiletorianNex \ Fo scs.20 Jn. W. E. Hinds...... JuMe sss sees 2 881 278 10 
© 6s 7 Ss eae eee Ob scence Sitlive eae es ae 264 pal 3 it 
LD eocce eu geaee eee ee) eee QO oaessse¢senc August <------ 463 251 0 
Infested squares dried on the 
plants. 
WCTONIG MMO jocks cul. oeyaisc Wee HeEhindseeess- July, August. . 342 120 45 
CEU be cat Soe eT SS EOE ac ees ee ae ee 5, 548 1,355 63 8 


From these observations it appears that 24.4 per cent of the 5,548 
squares used produced adult weevils, while only 1.3 per cent of the 
total squares contained parasites. Among the parasites obtained, 90: 
per cent were of the single species, Bracon mellitor Say (fig. 6; 
Pl. XX, fig. 84). A single , a a 
specimen of another un- ne A 
doubtedly primary para- 
site, Segalphus curculionis 
Fitch, was reared. A few 
specimens of Catolaccus in- 
certus Ashm. may possibly 
have come from the weevil 
larvee, but were more likely 
hyperparasites. According 
to the authority of Dr. Wil- 
liam H. Ashmead, of the 
United States National Mu- 
seum, to whom the writer 
is indebted for the specific 
. determinations and also for Fie. 6.—Bracon mellitor, parasite of boll weevil—much 
information about the usual SoG oe 
habits of these parasitic insects, the following species, which were bred 
from squares, must probably be credited to some other host than boll 
weevil: Chalcis coloradensis Cress. and Goniozus platynote Ashm. were 
probably upon lepidopterous larve; Hurytoma sp. and Hupelmus spp. 
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usually attack dipterous larve in galls, and a number of specimens 
of a species of Odencyrtus may have been parasitic upon the eggs of 
‘some lepidopteron or hemipteron, but certainly could not have reached 
the eggs of the weevil. 

It is very noticeable that the dried squares which were vical from 
the plants produced by far the largest part of all the parasites obtained, 
342 squares giving 50 parasites. In this lot, therefore, 14 per cent = 
the total number contained parasites of some kind and 13 per cent 
were undoubtedly developed from the weevil larve. ‘Taking all other 


squares together, 5,286 yielded only 18 primary parasites, or only 0.3 — 


per cent. 

Previous efforts to breed parasites of the weevil yielded as meager 
results as those which have just been recorded, though they add to the 
number of species. In 1894 Prof. C. H. T. Toeuasa bred, at Corpus 
Christi, Tex., asingle specimen of Urosigalphus robustus Ashm., which 
was in all probability a primary parasite, as was also Bracon dorsata 
Say, of which Mr. Schwarz obtained two specimens at Goliad, Tex., 
in the fall of 1895. A specimen of Hurytoma tylodermatis Ashm., also 
reared by Mr. Townsend, may possibly have had some other host. 

Prof. A. L. Herrera has bred from weevils in the State of 
Coahuila, J Mexico, a new species of varasite, described by Dr. W. H. 

-\ Ashmead as Bruchophagus 
herrerde. 

Pediculoides —_ ventricosus 
Newp.—This small mite has 


tists to be the most promising 
parasite yet found attacking 
the weeyil. It has been ex- 
perimented with quite exten- 
sively by Prof. A. L. Herrera 
and his assistants of the Mexi- 
can Commission of Parasitol- 
ogy. The mites breed with 
extreme rapidity, the larvee 
of wasps being their usual 
hosts (PI. XX, fig. 85). Both 
sexes attain full physical and 
sexual maturity while yet 


Fic. 7.—Enemy of cotton boll weevil, Pediculoides ven- within the body of the moth-. 


tricosus—much enlarged (adapted from Brucker). er The males are excee d- 


ingly tiny, as are also the females, when they first leave the mother 
mite. As the females become gravid, however, their abdomens swell 
to an astonishing size as compared with the rest of the body, being 
distended by the rapid growth of the young mites (fig. 7). When 


been thought by some scien= 
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these are born the mother dies, while the offspring mate and then 
immediately begin the search for food. The idea of the Mexican 
investigators was that these tiny parasites would be able to enter the 
square through microscopic orifices in the outer layers, and that they 
would attack and destroy the weevil larve and pups within. Upon 
his return from a trip to Mexico in the fall of 1902, the senior author 
brought with him, through the kindness of Professor Herrera, a 
supply of the parasites, from which others were reared for experi- 
mental work in Texas. 

In the course of these experiments the possibility of the mites 

attacking larve, pupze, or immature adults was tested. The obser- 
vations made failed to show any positive ability on the part of the 
Pediculoides to penetrate the squares, as in only two cases were mites 
found in them and attacking the larve. In these two cases it seems 
entirely possible that the mites may have entered through feeding 
- punctures or some other rupture in the floral envelopes. 
_ Upon several oceasions during the season of 1903 mites were dis- 
tributed in badly infested cotton fields. Later examinations were 
carefully made, but they failed to show that the parasites had gained 
a hold or even that they had attacked the weevils in any stage. 

These mites, if, indeed, they are of the same species as those de- 
scribed by Newport, are widely distributed and attack, to some extent, 
quite a large number of insects. If they really possessed the ability 
to get at the weevil larve and the predisposition to attack them when 
they could get to them in preference to other hosts, they should cer- 
tainly have shown something of these capabilities somewhere within 
the infested area in Texas during the ten years that the weevil has 
been found there. As no such ability has yet been shown, we doubt 
that the Pediculoides will ever prove of any value as a parasite of the 
weevil in the United States, though it may be more efficient in more 
southern countries. Furthermore, it is said that even where the mites 
do become established they are so subject to the attacks of small ants 
that their efficiency becomes largely destroyed. 

Several attempts have been made by agents of this Bureau to breed 
parasites of the weevil in localities which must be much nearer its 
original home than is Texas, but thus far these attempts have proven 
as fruitless as have those made in Texas. It seems desirable that this 
work should be continued so as to give a more complete knowledge oi 
all the parasites of the weevil in its native home. 

These results show how insignificant is the part which insect para- 
sites play in the problem of controlling the boll weevil in Texas. 
The thorough protection of all immature stages of the weevil by sev- 
eral layers of vegetable matter and the protection of the adult by its 
hard, closely fitting, chitinous, external plates render very small the 
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hope that any parasite will ever become an efficient factor in controlling 
this dangerous pest. 

There is at present, therefore, no promise of any considerable 
assistance in the control of the weevil by any parasite now known. 
Because of its peculiar life history the weevil is unusually exempt 
from the attacks of parasites. ven should one be found which 
could attack the weevil in some stage, it would probably still fail to 
be an efficient means of control, because, from the very nature of its 
parasitic habits, it is bound to be behind the weevil both in the point 
of numbers and in the time of its activity. While such parasites 
might serve to decrease the numbers of the weevil, every larva that 
becomes parasitized has already done its damage to a square. 

In spite of the present unpromising outlook for the discovery of 
valuable parasites of the weevil, every effort to find such should be 
made. While earnestly hoping that effective parasites may yet be 
discovered or developed, it is folly for planters to neglect or delay the 
adoption of those methods of decreasing weevil injury which have 
already proven to be both practical and effective. 


PREDATORY ENEMIES. 


INSECTS. 
NATIVE ANTS. 


Insects which prey upon the boll weevil appear to be even fewer in 
number of species than are those which are parasitic upon it. The 
principal enemies of this class are ants, and where common these prob- 
ably destroy more immature weevils than do the parasites. The first 
attempt to make practical use of ants in controlling the boll weevil 
was made by Mr. A. F. Rangel, who is connected with the Comisién 
de Parasitologia Agricola of the Mexican Government. In 1901 this 
investigator was informed by Mr. D. Juan José Rodriguez, who 
resides in the vicinity of Ciudad Porfirio Diaz, in the northern portion 
of Mexico, that an ant which prevented the development of the boll 
weevil had been discovered in that vicinity. It was thought at the 
time that as colonies of ants may be easily transported from place to 
place it might be possible to make extensive use of them. The field 
which seemed to have been protected by the ants had an area of several 
acres. 

A number of colonies of this ant, which was determined by Prof. 
W.M. Wheeler as Formica fusca enlis perpilosa, were transported 
a distance of some miles to San Carlos, where an attempt was made to 
establish them in cotton fields. It was found a comparatively simple 
matter to transport the ants in a device very similar to that subse- 
quently used by Mr. O. F. Cook in the introduction of Ectatomma 
tuberculatum. Although the introduction of the ants to the cotton 
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fields seemed to be successful, the irrigation of the plants necessary 
in that climate resulted in the eventual destruction of the colonies, 
consequently no practical results followed the experiments. Some 
notes regarding this matter will be found in bulletin of the Comisién 
de Parasitologia Agricola, vol. 1, No. 7, p. 252, and in vol. 1, No. 9, 
p. 404. | | 

Ants are frequently to be found in squares on the ground in the act 
of destroying larve or more often pupx. Occasionally they have been 
found entering infested bolls which are yet hanging upon the plants 
and destroying the pupe, which had become exposed by the premature 
cracking open of their cells. In some cases they have been known to 
destroy young adults which had emerged but not become fully hardened. 
Several species of ants are concerned in this good work. The most 
active isa small red ant, Solenopsis geminata Fab. (fig. 8). Another 
species belonging to the genus Myrmica also does considerable good. 

In a number of cases various species of 
native ants have been observed in the act 
of carrying off the bodies of weevils which 
had died in the field. This has led numer- 
ous observers to suppose that the ants were | 
killing the weevils; such, however, does 
not seem to be the case, except possibly 
in very rare instances. The principal at- 
tack of the native Texas ants is directed 
against the immature stages of the weevil, 
and by destroying these they undoubtedly 
accomplish a great deal of good. 


GUATEMALAN ANT. 


In April, 1904, there was discovered in _ Fic. 8.—Solenopsis geminata Fab., 
Guatemala a species of ant (Zctatomma recatoiginal). 
tuberculatum Ol.) which seemed to exert a 
controlling influence upon the multiplication of the weevil by killing 
and carrying off the adults. This ant is called by the natives the 
‘‘kelep,” or cotton-protecting ant. Its habitat ranges between the 
northern countries of South America and through Central America 
as far north as central Mexico. The discovery that this species is an 
enemy of the boll weevil was made by Mr. O. F. Cook, botanist in 

charge of Investigations in Tropical Agriculture, Bureau of Plant 
Industry. ¢ 

Early in July Mr. Cook arrived in Texas with 89 colonies of these 
ants, including about 4,000 individuals. These colonies were dis- 
tributed among various typical localities in Texas, and observations 
have since been carried on under the immediate direction of Mr. Cook. 
An account of the introduction of these ants, and some general 


@U. 8. Department of Agriculture, Report No. 78, May 27, 1904. 
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observations relating to them, has been published as Bulletin No. 49 
of the Bureau of Entomology. A more extended account, containing 
the result of the studies thus far made, is now in process of publica- 
tion, and will be found in a forthcoming bulletin of this Bureau. 

It should be stated that the work with this promising enemy of the 
weevil is yet only in the experimental stage. Two critically impor- 
tant questions which have yet to be answered are whether the keleps 
will survive the winter climate of Texas, and, if so, whether they can 
be obtained or propagated in sufficient numbers to serve the practical 
purpose for which they have been introduced. 

An experience of at least one or two years will be required to deter- 
mine what practical value this southern enemy of the weevil may have 
under the very different conditions of growth and cultivation of cotton 
as found in the United States. ; 


MANTIDS. 


Occasionally there may be seen upon cotton plants specimens of a 
mantis, or *‘devil horse,” as it is more commonly called. One species 
only, Stagmomantis limbata Hahn., has been carefully tested for its 
ability to destroy weevils. A male of this species was confined in a 
breeding cage and supplied with a number of adult weevils. Several 
times it was seen to seize a weevil and attempt to eat it, but being 
unable to break through the hard chitinous plates which so closely 
cover the weevil’s body, it gave up the attempt and let the weevil go 
unharmed. Although kept for some time with weevils in its cage, it 
never fed upon them, but starved to death in their presence. With the 
female of this species the case is quite different. Several of these have 
been confined in cages and supplied with an abundance of weevils. 
They seemed to be more powerful than the males, breaking through 
the weevil’s skeleton with apparent ease. On several occasions speci- 
mens were found to eat eight or ten weevilsa day. During the period 
of observation two of the mantids deposited eggs. In an average of 
18.6 days, for 5 females of this species, they destroyed 3.4 weevils per — 
day each; no other food was provided. The total average for each 
female was 63 weevils. As these insects become quite abundant upon 
cotton late in the season, they doubtless succeed in destroying quite a 
large number of weevils, but it is too late in the season for their work 
to have any practical effect upon an abundance of the weevils. 

Some species of Mantispa are also capable of destroying weevils. 
Though they are quite abundant in a field, the writer has seen but 
one engaged in eating a weevil. 


BIRDS. 


There can be no doubt that birds are exceedingly valuable assistants 
to man in reducing the numbers of many insect pests. Much has been 
written and said as to their work in destroying the boll weevil. In 
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order to determine to what extent they feed upon the weevil, it has 
been necessary to make an extensive study of the stomach contents of 


a large number and variety of birds. To make the work as successful | 


as possible, collections have been made in numerous localities and at 
intervals during two seasons. 

Nearly all of the stomachs of birds shot in cotton fields by agents 
of the Bureau of Entomology during the seasons of 1993 and 1904 


were examined by Mr. E. A. Schwarz, who was assisted in the work 


by Mr. J. C. Crawford. The investigation was conducted primarily 
to ascertain to what extent the birds that frequent cotton fields in Texas 
feed upon the Mexican cotton boll weevil, but while no attempt was 
made to identify the seeds on which these birds largely feed, the insect 
contents of each stomach were determined by Mr. Schwarz as fully 
as the minuteness of the fragments would allow. . The complete results 
of these examinations would form a contribution of no inconsiderable 
importance to our knowledge of the food habits of these birds, and 
should, by all means, be published at some time. The following 
results refer only to the cotton boll weevil and are as stated by Mr. 
Schwarz: 

The stomachs submitted came from the following localities: 

Three hundred and forty stomachs obtained at Calvert between 
September 1 and December 10. These with few exceptions are those 
of turtle dove and quail. 


One hundred and twenty-four stomachs of quail from Franklin, 


Robertson County, November 22 to November 26, 1904. 

Five hundred and sixteen stomachs obtained at Victoria, represent- 
ing 17 species of birds. Of these, 100 were obtained during the last 
week of February, 7 during June, 3 during July, 26 during August, 
and 380 between September and December. 

The birds obtained in February plainly showed that they were fol- 
lowing the plowmen through the cotton fields, because at this season 
the stomachs contain an element not found in any other season, namely, 
the white grubs (larve of Lachnosterna). That so few birds were 
obtained in the months from March to August is explained by the 
following, written by Mr. J. C. Crawford: 

Summer collecting shows the futility of depending on birds for keeping the weevil 
in check, for almost no birds are seen in the cotton fields during the early summer 
months, the individuals being exceptionally rare. Mr. Harris reports that for entire 
_ days he saw no birds in the cotton fields. 

Arranging the birds according to the number of stomachs available, 
we arrive at the following results: 

Mourning dove, ‘‘turtle dove’ (Zenaidura macroura), 225 stomachs.—No insect 
remains whatever found; stomach contents consisted entirely of seeds and pebbles. 
(Several hundred more stomachs of the same birds shot in Texas have not been 


examined, as the result obtained from the examination of the 225 stomachs seemed 
to be conclusive. ) 
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Meadowlark, =‘‘field lark’? (Sturnella magna), 153 stomachs.—Of these, 4 were 
without insect remains, whereas 149 contained insect remains, as well as seeds and 
pebbles. Of the latter number, 2 contained exclusively insects, while in the remain- 
ing 147 stomachs the proportion of insect food to seed food could not be expressed 
in figures, the insect food constituting a mere fraction of 1 per cent. Of these 149 
stomachs, 23 contained cotton boll weevil (including two doubtful determinations). 
One among them contained 2 specimens of a boll weevil and one 3 specimens. In 
all the stomachs of this bird examined there were found 26 specimens of boll weevil. 

Bobwhite, ‘‘quail’’ (Colinus virginianus texanus), 87 stomachs.—Of these, 44 con- 
tained insect remains with seeds and pebbles and 43 were without insect remains, 
but with seeds and pebbles. No Anthonomus grandis was found in any of these 
stomachs. 

Cowbird (Molothrus ater), 31 stomachs.—Of these, 20 contained insect remains with 
seeds and pebbles; 11 were without insect remains, but with seeds and pebbles; 4 of 
these stomachs contained each 1 cotton boll weevil. 

Great-tailed grackle, ‘‘jackdaw’’ (Megaquiscalus major macrourus) , 12 tonne ae 
these, 10 contained insect remains with seeds and pebbles; 2 were without insect 
remains, having only seeds and pebbles; 2 stomachs contained each 1 boll weevil. 

Mockingbird (Mimus polyglottos-leucopterus), 17 stomachs.—All contained insect 
remains—1 exclusively insects—1 almost exclusively so. Three stomachs contained 
each 1 Anthonomus grandis. 

— Brewer’s blackbird (Euphagus cyanocephalus), 10 stomachs.—All contained insect 
remains with seeds and gravel. One stomach contained 5 specimens of the cotton 
boll weevil, another contained 3 specimens, while 3 stomachs contained each 1 spec- 
imen of the boll weevil. In all, 11 specimens of cotton boll weevil had been eaten . 
by 10 specimens of this bird. 

_Blue-gray gnatcatcher (Polioptila cerulea), 7 stomachs.—Food consisted exclusively 
of insects, but all of them of the most minute size. No boll weevils among them, 
because it is evidently too large an insect. 

White-rumped shrike, ‘‘butcher bird’’ (Lanius ludovicianus excubitorides), 7 stom- 
achs.—All contained insect remains and seeds. One stomach contained 1 boll 
weevil; another contained 4 specimens of boll weevil. 

Western lark sparrow (Chondestes grammacus strigatus), 4 stomachs.—Three contained 
insect remains, but no boll weevils among them; 1 had no insect remains—only seeds. 

Red-winged blackbird, ‘‘blackbird,”’ ‘‘redwing’’ (Agelaius pheniceus), 5 stomachs.— 
Four stomachs contained insect remains, but no boll weevil; 1 stomach without insect — 
remains—only seeds and sand. 

Baltimore oriole (Icterus galbula), 3 stomachs.—All contained insect remains, but 
only 1 Anthonomus grandis. 

Killdeer plover, ‘‘kiildee’’? (Oxyechus vociferus), 2 stomachs.—Almost exclusively 
insect food. One stomach contained 3 specimens of boll weevil. 

Phebe, ‘‘phebe bird’’ (Sayornis phoebe), 2 stomachs.—Mostly insect food. One 
stomach contained 1 boll weevil. 

Vesper sparrow, ‘‘grass sparrow’’ (Powcetes gramineus), 2 stomachs. Roth Aes 
insects, but no Anthonomus grandis. 

Scissor-tailed flycatcher (Muscivora forficata), 1 stomach.—Contained almost exclu- 
sively insect remains, among them 1 boll weevil. 

Dickcissel (Spiza americana), 1 stomach.—Contained only a few seeds and 1 speci- 
men of Anthonomus grandis. 


While it is of little economic importance for these birds, so far as 
they have insectivorous habits, to eat cotton boll weevils in'the fall of 
the year when this insect is by far the commonest species to be found 
in the cotton field, it becomes quite important to tabulate those birds 
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that have eaten cotton boll weevils in the early part of the season, and 
here it is to be regretted that the number of stomachs at our disposal is 
sosmall. Ifthe collecting of bird’s stomachs should be continued, par- 
ticular attention should be paid to the birds frequenting the cotton 
fields at any other season than autumn. There is given below a list of 
the birds shot during February that had eaten Anthonomus grandis, 
probably during the season when the weevils were in their winter 
quarters. As already stated, those birds were mostly shot while 
plowing was being carried on, and it may be inferred, therefore, that 
the birds picked up the weevils from the ground where, even for the 
most expert entomologist, it is next to impossible to find them. 


List of birds shot during February that had eaten boll weevils. 


One cowbird, shot February 24, 1904, contained in his stomach 1 boll weevil. 

Two jackdaws, shot on February 24, 1904, contained in their stomachs each 1 
Anthonomus grandis." 

Two mocking birds, shot on February 24, 1904, each contained 1 Anthonomus 
grandis. 

One Brewer’s blackbird, shot February 25, 1904, contained 5 boll weevils and 
nothing else. 

One Brewer’s blackbird, shot February 24, 1904, contained 3 boll weevils and some 
seeds. 

One Brewer’s blackbird, shot February 24, 1904, contained 1 boll weevil. 

One killdeer plover, shot February 24, 1904, contained 1 boll weevil. 


All those birds shot in February came from Victoria, Tex. There 
is one element of uncertainty in the matter which, unfortunately, can 
not be eliminated—in all instances where remains of cotton boll weevils 
were found in the stomachs of birds the remains were found in the 
most fragmentary condition, and with the exception of a few instances 
the determinations had to be made from the front thighs and tibie. 
In three or four instances, which have been referred to above as 
doubtful determinations, the determination was made either from the 
‘tibia alone or from minute fragments of the elytra. Now, as is known 
to be the case with fragments of a similar nature possessing spines, 
- teeth, or claws, such fragments are liable to remain attached to the 
stomachs of birds for weeks or months. Therefore, if the front 
thighs of an Anthonomus grandis were found in a bird shot during 
Hebruary, it is by no means certain that the bird had eaten the boll 
weevil in the same month, but it is possible that the fragment has 
remained in the stomach since the fall of the previous year. 

Asa whole, the result of this investigation is not especially encourag- 
ing. Sixteen species of birds, all more or less insectivorous in their 
feeding habits, were found to have eaten only a total of 58 specimens 
of the boll weevil, as proven by the careful examination of nearly 400 
stomachs, 


; @ The turtle dove, which seems to be the most common bird in the Texas cotton 
fields during the fall of the year, is not an insectivorous bird. 
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ARTIFICIAL CONTROL. 
EFFECT OF BURYING SQUARES AND WEEVILS. : 


EFFECT UPON PUPATION AND ESCAPE OF ADULTS IN DRY SOIL. 


fhe experiments made upon this point were designed to ascertain 
the value, if any, in the plowing under of squares as a means of 
destroying the larve and pupe infesting them. But few experiments 
seemed necessary to demonstrate the futility of this operation alone as 
a means of controlling the weevil. 

Squares which were known to be infested with about half-grown 
larvee were placed in glass jars and covered with several inches of 
quite dry and fairly well-pulverized earth. When examination was 
made it was found that pupation had taken place normally while the 
squares were buried under from 2 to 5 inches of dirt. In no case was 
pupation prevented, though a few weevils did not leave the squares 
after having become adult. Altogether about 100 squares were thus 
buried, and from them over 75 weevils emerged. 

In a portion.of the preceding tests careful examination was made 
to ascertain how far toward the surface the newly emerged weevils | 
had succeeded in getting before they perished. It should be noted 
that these weevils had never fed, and they would have, therefore, less 
strength and endurance than such fully hardened adults as might be 
buried in the ordinary processes of field cultivation. Furthermore, — 
the soil used was of finer texture and more compactly settled than it 
would be in the field. Twenty-seven weevils were found in this exam- 
ination, their location varying from the bottom of the jar to their 
having escaped through 4 inches of soil. A weighted average shows, 
however, that each weevil had made its way upward through 2 inches 
of dirt. We may infer, therefore, that had these squares been buried 
under Jess than 2 inches of fairly well-pulverized earth, as would be- 
the case from field cultivation, but a snall percentage of them would 
have failed to make their way out. As it was, fully three-fourths of 
those leaving the squares made their way out through more than 2 
inches of dirt. 


EFFECT OF BURYING IN WET SOIL. 


In‘a series of experiments in which 342 squares were buried under 
wet soil at various depths subsequent examination showed that 37.7 
per cent contained no weevils at the time of burying. Among 189 
squares removed at varying intervals for examination, 13.7 per cent of 
the inclcsed stages were found to be dead. Among 74 squares left until 
after maturity should have been reached, 16.2 per cent of the inclosed 
stages were dead. Of the weevils becoming adult, 30.6 per cent 
emerged from the squares, but only 23 per cent reached the surface or 
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escaped, from an average depth of soil of 1 inch. Taking all stages 
of the weevil together, 35.2 per cent died without escaping from the 
soil. 

The conditions prevailing in these tests were much more severe than 
_ they could be made in the field, since cultivation can be practiced only 
after the soil has become comparatively dry. Under field conditions 
burying of squares and adults would be deepest when the soil is quite 
dry and well pulverized. These conditions have been found quite 
favorable to the escape of the adults. Observations made in the field 
have shown that under the most favorable conditions by the ordinary 
methods of cultivation weevils and squares upon the surface of the 
ground will be buried hardly deeper than 1 inch. 

In 1896 Mr. C. L. Marlatt noted that ‘‘the weevils can escape from 
loose soil when buried to a depth of 3 inches, but when artificially 
embedded 8 inches in moist soil they are unable to extricate themselves, 
as shown by test experiment.” 


BURYING WEEVILS IN AUTUMN. 


Among 100 weevils buried on or after November 23, 1903, under 
from 2 to 6 inches of soil containing from 9 to 19 per cent of water, 
only six weevils succeeded in reaching the surface. Four of those 
escaping, and one which was still buried in the earth, were found to be 
alive when examination was made on March 16, 1904. All the remain- 
ing weevils appeared to have died where they were buried. Those 
escaping had made their way out through 2 inches of soil containing 
about 9 per cent of water. The greatly increased effectiveness of 
_ burying under fall conditions is apparent from these results. 


CONCLUSION. 


The suggestion has frequently been made that the plowing under of 
squares and weevils during the ordinary work of cultivation of the 
crop will effect their destruction. This has been shown to have but a 
limited effect in that direction. This is not at all the fundamental idea 
in the recommendation which is made by the Bureau of Entomology 
for thorough cultivation of the crop. The present indication is that 
the beneficial effect of thorough cultivation les in the direct influence 
which that practice exerts upon the steady and rapid growth of the 
cotton by favoring the production of squares, the formation of bolls, 
and the early maturity of the crop, rather than by the destruction of 
the weevils by burying them while in the squares or after they have 
become adult. It is fairly open to question whether the burying of 
squares early in the season is not of sufficient advantage to the weevils 
in the squares at that period to offset any mortality which might be 
produced by the practice. 
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INSECTICIDES. 


From the very beginning of the laboratory work on the boll weevil 
much attention has been given to testing the most promising insecti- 
cides. As one result of the offer of a $50,000 prize by the State of 
Texas for an efficient remedy for the boll weevil, a very large number 
of supposed remedies have been proposed. Doubtless the inventors 
have been perfectly sincere in their faith in the efficiency of these 
compounds. As was fully anticipated by the entomologists when the 
prize was offered, the commission charged with awarding the prize 
has been deluged with applications therefor, the claims, in a large 
majority of cases, being based upon some concoction supposed by the 
inventor to possess marvelous insecticidal properties. In compara- 
tively few cases had the new product been tested in any way. Often 
samples were sent with the request that tests be made. Many of these 
inventions found their way to the boll weevil laboratory at Victoria, 
where it has been the uniform policy to give every such thing a fair 
test and report the results to the originator. Tests were made in the 
field upon weevils confined by cages (Pl. X XI, fig. 86). This work has 
required a great deal of time, and the results have failed to indicate a 
single new compound having real value. Many of the substances 
tried had absolutely no effect on either plant or insect life, while others 

were equally fatal to both wherever they came in contact with them. 
The primary difficulty with all such insecticides lies in the fact that, 
owing to the peculiar habits and life history of the weevil, the poison 
can not be so applied as to reach the immature stages at all, and it can 
not reach the adults so as to cause sufficient mortality to result in any 
considerable benefit to the crop. 

The most promising and, as it has been found also, the most efficient 
of all the insecticides tested was Paris green. Much work has been 
done in thoroughly testing the effect of this poison. The most impor- 
tant results of this work have already been published in Farmers’ 
Bulletin No. 211 of this Department, and need not be restated here. 
The conclusion based upon these results is that the beneficial effect 
resulting from applications of Paris green is rarely sufficient to repay 
the expense of the treatment. It has been found that a small per- 
centage of weevils can be killed, but under general field conditions the 
benefit, if any, is too slight to justify a recommendation for the use of 
the poison. | 

Among 40 other compounds tested, none proved worthy of even 
passing consideration for fielduse. As a fumigant for seed, among the 
eight gases or vapors tested (Pl. X XI, figs. 87 and 88), carbon bisulphid 
was found to possess considerable Pe when applied in the special 
manner described under topic ‘‘Treatment of seed for shipment,” 
on p. 126. | 
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FIELD AND LABORATORY EXPERIMENTS WITH INSECTICIDES. 


Fig. 86, Cage work in testing insecticides with weevils in field; fig. 87, experimental apparatus 
for testing effect of hydrocyanic acid gas upon weevil stages exposed and in squares; fig. 88. 
experimental apparatus used in determining effect of formaldehyde vapor upon weevil stages 
exposed and in squares (original). 
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WEEVILS KILLED IN GIN MACHINERY. 


_ Fig. 89, Remains of weevils killed in passing through gin; fig. 90, remains of weevils killed in 
passing through main fan at ginnery—enlarged three diumeters (original). 
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GIN TESTS. COTTON GROWN BY CULTURAL METHODS. 


Fig. 91, Testing passage of weevils through gin: a, Seed collection: b, mote collection; 
fig. 92, gin breast opened, showing spaces through which weevils pass with seed; fig. 
93, cotton field yielding one bale per acre, grown by cultural methods in weevil ter- 
ritory—(original). 
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MACHINES. 
FOR FIELD USE. 


Many attempts have been made to perfect a machine that will assist 
in the warfare against the weevil. They have been designed to poison 
the insects, to jar them and infested squares from the plant, and to 
collect them, to pick the fallen squares from the ground, to kill by 
fumigation, and to burn all infested material on the ground. The 
Bureau of Entomology has carefully investigated the merits of repre- 
sentatives of all of these classes, beginning in 1895 with a square-col- 
lecting machine that had attracted considerable local attention in 
Bee County. Up to the present time none of these devices has been 
found to be practicable or to offer any definite hope of being even- 
tually successful. At one time there was some hope that a machine 
designed to pick the squares from the ground by suction might be 
perfected. The experiments, however, have indicated probably in- 
surmountable difficulties; and an implement concern, after having 
experimented with the matter fully, and after having expended over 
$5,000, has come to the conclusion that mechanical difficulties will 
always prevent the perfection of such a machine. If it were not pos- 
sible to raise cotton profitably without the use of a machine, the situ- 
ation would be changed materially; but since it is possible to produce 
the staple without the use of any other means than those which enter 
into cotton culture everywhere, there seems no hope for these machines. 

Many of these machines have been constructed and tested under 
field conditions. In these tests the machines have invariably failed to 
come up to the hopes and claims of the inventors. In the compara- 
tively few cases in which any degree of efliciency has been shown, it 
has been so small as not to justify the expenditure of time and money 
required. From the tests made, it may be said that no machine has 
yet shown sufficient efficiency to justify its general use. 

The ultimate test with all methods or devices for controlling the 
weevil is to prove through a series of seasons, and under a large variety 
of conditions, that by their use there is produced an increase in the 
crop treated or protected of sufficient value to more than repay the 
expenses of the treatment or protection. As a general rule where 
poisons have been applied or machines used, planters have provided 
no check upon the results obtained, and have kept no close records as 
to the expense involved and net gain or loss resulting from the treat- 
ment. The result of such applications is, therefore, merely a general 
Impression of gain or loss which may not agree at all with the facts. 
Other factors than poison applications, or the use of machines, may 
have operated to produce apparent gains in the crop, and unless these 
are taken into consideration the conclusions drawn from the work are 
- likely to be worthless. 
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GINNING MACHINERY. 


The most important results of studies upon this class of machinery 
were presented in Farmers’ Bulletin No. 209, of this Department. 
By means of a number of experiments it was positively determined 
that all weevils passing through the main fan in a pneumatic elevator 
system would be killed by striking against the blades of the rapidly 
revolving fan (PI. X XH, fig. 90). Modern cleaner feeders were found 

to be quite efficient in separating the weevils from the seed cotton, as 
they removed fully 70 per cent of the weevils passing into them. Of 
the weevils removed, over 80 per cent were still alive when taken from 
the trash. This fact shows the necessity for the use of some addi- 
tional device which will crush or otherwise destroy all weevils gone 
from the cotton by the cleaner feeder. 

For the weevils escaping the action of the cleaner feeder and pass- 
ing into the gimning breast with the roll there are two avenues of 
eseape (Pl. X XIII, figs. 91 and 92); one with the seed, the other with 
the motes. In these two ways it appears that over 85 per cent of the 
weevils passing into the gin breast escape altve, while about 15 per 
cent of them are killed by the saws (PI. X XII, fig. 89). From these 
facts it is evident that some way should be provided of properly ear- 
ing for the motes so as to confine the weevils which are thrown out 
among them, and secure their destruction with those removed by the 
cleaner feeder. Some method should also be devised for separating 
from the seed the weevils that pass the saws, before they reach the 
seed house or the farmers’ seed bins. 

When we consider the important effect. that gins have been found 
to have in spreading the weevil, especially near the border line of 
infestation, it appears exceedingly desirable that improvements in gin 
machinery should be made in the following particulars: 

First. The area and distance through which the action of the picker 
roll in the cleaner feeder is continued should be considerably increased, 
compression rollers or some other device being employed to destroy 
the weevils separated by the cleaner. 

Second. Some method should be devised for keeping under control 


the weevils escaping alive with the motes, as under present conditions _ 


they have free range through the ginnery. 

Third. Possibly the most important of the devices needed is an 
apparatus which may be applied near the gin (possibly as the seeds 
leave the gin breast and drop into the seed chute), by which the weevils 
may be separated from the seed and brought under control, so that 
they may be destroyed. 

With these improvements the oil mills would almost cease to be a 
factor in the dissemination of weevils, and the movement of seed, either 
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for planting, stock feeding, or for fertilizer, would practically cease 
to be the important factor in the spread of the weevil which it is at 
present. 
FUTILE METHODS FREQUENTLY SUGGESTED. 
MINERAL PAINT AND COTTON-SEED MEAL. 


The very serious nature of the boll weevil problem is constantly 
illustrated by the manner in which various useless devices and nos- 
trums are brought to public attention. At one time it was widely 
spread about that mineral paint would act as a specific against the 
weevil. An equaily fallacious theory that also received considerable 
popular attention was to the effect that cotton-seed meal exerted a 
powerful attraction for the pest. 


SPRAYING. 


Probably the most important useless recommendation has been that 
of spraying. It was supposed for some time by certain parties that it 
might be possible to poison weevils economically by attracting them 
to some sweetened preparation. The experiments detailed on pages 70 
to 74 of this bulletin regarding the attraction of various sweetened 
substances demonstrate the fallacy of the theory. Even if these sub- | 
stances exerted as much attraction as was supposed, there would be 
insurmountable difficulties in the application of the method in the 
field. Except in special cases spraying of a field crop has never been 
a success, and, unless entirely new methods are eventually perfected, 
never will be of any practical importance. It is true that it is possi- 
ble to destroy a certain number of weevils in regions where seppa 
cotton occurs by heavily spraying the earliest plants, but this method 
1s of immeasurably less importance than the simple practice of cultural 
methods. 

SULPHUR. 


The old idea, the fallacy of which has been explained repeatedly 
by economic entomologists for the past fifty years, namely, that sul- 
phur can be forced into the system of the plants to make them 
immune to insect attack, sometimes crops out with reference to tke 
boll weevil. It is needless to state that the method is entirely useless. 
Sulphur is not soluble either in water or in acids. It is, consequently, 
impossible to cause it to be incorporated in plants as sulphur. In 
chemical combinations in which it might be incorporated into the 
plants it would probably not have especial insecticidal properties. 


PARIS GREEN. 


Undoubtedly the most important fallacy regarding a remedy for the 
boll weevil was that which received so much attention during the sea- 
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son of 1904, namely, that Paris green is a specific for the pest. The 
urgent demand for a specific was evidenced by the very extensive use — 
of this substance. A portion of the great attention that it received 
publicly was due to the fact that early in the season a certain num- 
ber of weevils may be killed by it. Applications made by spraying 
are even less effective than dusting with the dry Paris green. As 
was pointed out in a bulletin (Farmers’ Bulletin No. 211), which goes 
fully into the whole matter of the use of Paris green, it was explained 
that the number so destroyed in the spring really means nothing 
whatever to the crop later in the season when the plants have put on 
squares and the poison is no longer effective. 


TRAPPING, AT LIGHT. 


There is still in many quarters in Texas and Louisiana the sup- 
position that it is possible to attract the boll weevil to lights. A 
number of machines have been constructed based upon this idea. 
Whether or not the boll weevil can be attracted to lights was one 
of the first matters that was investigated by entomologists. During 
September, 1897, Mr. J. D. Mitchell, of Victoria, Tex., a natu- 
ralist and cotton planter, set out trap lanterns in a cotton field in 
Victoria for one night, and sent the insects captured to this Bureau 
for examination. Im all, 24,492 specimens were taken, representing, 
approximately, 328 species. Divided according to habit, whether 
injurious or beneficial, the result was: Injurious species, 13,113 speci- 
mens; beneficial species, 8,262 specimens; of a negative character, 
8,117. The interesting point in connection with this experiment was 
the fact that not a single specimen of the boll weevil was found, 
although the lights were placed in the midst of fields where the insects 
were very abundant. Since that time other investigators have looked 
into this matter more fully. Lights have been kept burning in cotton 
fields night after night for several weeks. In no case has a single 
specimen of the boll weevil been discovered, although thousands of 
species of insects have been captured. 

The popular misapprehension about the possibility of capturing the 
boll weevil at lights is due to the fact that somewhat similar insects 
(Balaninus victoriensis) and other acorn weevils differ from the boll 
weevil in that lights exert a strong attraction for them. During occa- 
sional seasons the acorn weevils are exceedingly common in Texas, 
and great numbers of them fly to the electric lights. 


REASONS FOR ADVANTAGE OF CULTURAL METHODS. 


The difficulties in the way of controlling the boll weevil lie both in 
its habits and manner of work and also in the peculiar industrial condi- 
tions involved in the production of the staple in the Southern States. 
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The facts that in all stages except the imago the weevil lives withir 
the fruit of the plant, well protected from any poisons that might be 
applied, and in that stage takes food normally only by inserting its 
snout within the substance of the plant; that it is remarkably free 
from parasites or diseases; that it frequently requires but 14 days for 
development from egg to adult, and the progeny of a single pair in & 
season may exceed 12,000,000 individuals; that it adapts itself to- 
climatic conditions to the extent that the egg stage alone in Novem- 
ber may occupy as much time as all the immature stages together ir 
July or August, are factors that combine to make it one of the most: 
difficult insects to control. It is, consequently, natural that all the 
investigations of the Bureau of Entomology have pointed toward. 
the prime importance of cultural methods of controlling the pest. 
All other methods must involve some direct financial outlay for 
material or machinery, and are consequently not in accord with 
labor conditions involved in cotton production in the United States. 
Moreover, the cultural methods are in keeping with the general tend- 
ency of cotton culture; that is, to procure an early crop, and at the 
same time have the great advantage of avoiding damage by a large 
number of other destructive insects, especially the bollworm.* Never- 
theless, it must not be understood that attention has not been paid 
to the investigation of means looking toward the extermination of 
the pest. Asa matter of fact, every suggestion, from the possibility 
of breeding resistant varieties to the use of electricity in destroying 
the weevil, has been fully investigated. The results have all beer 
negative. : 


CULTURAL METHOD. 


As has been pointed out by Dr. L. O. Howard, successful methods 
of combating injurious insects may be classified into three categories: 
(1) The propagation of parasites; (2) expedients in managing the crop 
that have a tendency toward mitigating damage; (8) direct means, 
such as sprays. Of course the first method is, in many respects, the 
most effective, although it can not be expected to be applied toa great: 
number of pests. The second method is undoubtedly more effective 
than the third, because it does not involve the use of special machinery 
or any materials that are not in use upon every farm. In the cultural 
method of avoiding damage by the boll weevil, it is considered that 
_a fairly effective remedy has been discovered. In some respects the 
term cultural method is misleading. It is frequently used simply in 
the sense of careful and persistent cultivation of the crop. However, 
the term includes the various modifications of the cropping system 


@See Farmers’ Bul. No. 212 and Bureau of Entomology Bull. No. 50, the Boll- 
worm. 
16780—No. 51—05——11 
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which have been suggested by the study of the life history of the pest 
as useful in avoiding damage. Consequently the cultural system is 
not altogether a system of the proper cultivation of cotton, but a 
system of the proper cultivation of cotton to mitigate the damage by 
the pest. Necessarily it implies a thorough preparation of the soil 
and a strict attention to all the details of cultivation. 

The cultural method begins with reducing the numbers of the epi in 
the fall by the destruction of the plants as soon as it becomes apparent 
that no more cotton is to be produced. The enormous importance of © 
this procedure is shown by the fact already stated (p. 106) that the 
late issuing weevils are the ones which successfully hibernate. Fur- 
ther strong reasons are given on pages 120 and 121, under the sections 
‘* Relations of weevils to top crop” and ‘‘Some reasons for the early 
destruction of stalks.” Hosts of weevils may thus be killed, a very 
small percentage surviving the winter, and in the same operation the 
ground is better prepared for fie the following season. A large 
proportion of the weevils thus destroyed would otherwise pass through 
the winter successfully and increase the damage to the planted cotton 
the following season. Wherever the cotton is allowed to stand in the 
fields in the hope that a top crop may be produced, opportunities are 
furnished for the development of a very large number of weevils (PI. 
XVIII, figs. 76 and 77). As explained before in this bulletin, the pos- 
sibility of a top crop has always been exceedingly remote. Wherever ~ 
the weevil exists it is not a possibility at all. The method of fall 
destruction only involves applying labor that is necessary in any case 
in preparing the land for planting a few months earlier than is the 
normal practice among cotton planters. It has been the custom to 
leave the land uncleared until shortly before planting time in the 
spring. Now, however, this clearing process is necessary as the last 
step in the production of the preceding crop. This method, as a mat- 
ter of fact, is the only practicable strictly remedial method that has 
been devised. 

The complete details regarding the fall destruction of the plants 
will be found in Circular 56 of this Bureau. 

The remaining portion of the cultural method consists in furthering 
the advantage gained by fall destruction by bending every effort 
toward obtaining a crop that will mature before the weevils have had 
an opportunity to do considerable damage. The most important fac- 
tors in obtaining an early crop are early planting, selection of a 
rapidly growing variety, fertilization, and thorough cultivation. The 
success of the planter will be in direct proportion to the extent to 
which he is able to combine these essentials. Early planting of early 
varieties will be found to be of comparatively little avail unless fol- 
lowed by thorough cultivation, and in case of unavoidably delayed 
planting the best hope of the planter will be in persistent cultivation. 
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As the details of the cultural method have been dealt with fully in 
the Farmers’ Bulletins of this Department, and as the basis for them 
in the habits of the weevil was fully explained in the preceding pages, 
it is unnecessary in this connection to more than summarize them: 

(1) Fall destruction. 

(2) Early planting of rapidly maturing ae 

(8) Wide spacing, which, besides cee rapid maturity of the 
plant, also acts as a aes measure. by allowing the sun to reach 
the ground, causing the drying up of the squares in which the larve 
occur. 

(4) Thorough cultivation. 

(5) Fertilization with commercial preparations containing high per- 
centage of phosphoric acid. 

In addition to this general system that is applicable to all cotton 
plantations, favorable labor conditions sometimes make it feasible to 
pick the infested squares by hand. Nothing could be more out of 
place than to suggest hand picking upon large plantations. Even 
with convict labor it has been found entirely impracticable. But, 
nevertheless, where a planter has only a few acres of cotton and there 
is an abundance of cheap labor, the method has been found very 
effective. 


LEGISLATION NEEDED. 


The above-mentioned essential points in controlling the boll weevil 
have generally become common knowledge. Their efficacy has been 
demonstrated by the Department of Agriculture as well as by many 
planters. Nevertheless, it must be stated that in many quarters there 
is a tendency toward adhering to the old methods of raising cotton, 
which, with the weevil present, can not be effective. In view of this 
fact it seems to the writer that the most important step to be taken in 
the boll weevil fight is to pass State laws regulating the application of 
what is now known about controlling the pest. In Louisiana there is 
already an excellent law on this subject. In Texas there should be a 
similar provision, and the best that States about to be invaded can do 
will be to enact similar legislation, which will provide machinery for 
the enforcement at the earliest possible moment of those measures 
which have proven most effective in controlling this pest. 
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This bibliography includes only the more important writings which 
have been published in permanent form. It does not include the many 
hundreds of titles of articles published in newspapers and in popular 
magazines. Inthe preliminary numbers of this bibliography a special 
synopsis is given of the contents of publications, more particularly to 
outline the history of the cultural method now recognized as of 
supreme importance in the control of the boll weevil. No attempt is 
made to give a synopsis of the later titles. 


1848. Boneman, C. H.—Genera et Species Curculionidum cum 
Synonymia hujus Familie ed. C. J. Schénherr. Vol. V, pt. 2, 
pp. 232-238. | 

The original description of Anthonomus grandis. 

1871. Surrrian, E.—Verzeichniss der von Dr. Gundlach auf der 
Insel Cuba gesammelten Riisselkifer. Archiv f. Naturg., 
XXXVII, Jahre. 13, pt. 1, pp. 130-181. 


Contains the record of a specimen from Cardenas and one from San Cristo- 
bal, in Cuba. 

1885. Ritey, C. V.—Report of the Commissioner of Agriculture f. 
1885, p. 279. 

Contains the sentence ‘‘Another very large species, A. grandis Boh., we have 
reared at this Department from dwarfed cotton bolls sent from northern Mexico 
by Dr. Edward Palmer.’’ This is the first published record of the food plant 
and method of injury of the species. 

1891. Drerz, W. G.—Revision of the Genera and Species of Antho- 
nomini inhabiting North America. Trans. Am. Ent. Soc., 
Nol. XV ILL, pp. 205: 


The species is here reported from Texas. It has been shown, however, 
that this was an error. See Insect Life, Vol. VII, p. 273. 


1894. Howarp, L. O.—A new Cotton Insect in Texas. Insect Life, 
Vol. VII, p. 273. 


The first authentic account of the occurrence of the species in the United 
States, and some statements regarding its life history. 


1895. Howarp, L. O.—The New Cotton-boll Weevil. Insect Life, 
Vol. VAL; po 238i 


Regarding the importance of the pest and the investigation started by the 
sending of Mr. C. H. T. Townsend to Texas in December, 1894. 


1895. Townsenp, C. H. T.—Report on the Mexican Cotton-boll Weevil 
in Texas (Anthonomus grandis Boh.). Insect Life, Vol. VII, 
No. 4, pp. 295-309, figs. 30, 31. March. 
An important preliminary paper giving valuable data on life history and 
habits, an account of its spread from Mexico to Texas, and its extent in Texas 


at that time. In the consideration of remedies are suggested the cutting and 
burning over of the cotton fields in winter, the abandonment of cotton growing 
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over the region then infested, and the maintenance of a wide zone free from 
cotton along the lower Rio Grande bordering Mexico, with other suggestions 
of less practical value. This report was submitted December 20, 1894. 


1895. Howarp, L. O.—The Mexican Cotton-boll Weevil. Circular 
No. 6 ond series), Div. Ent., U.S. Dept. Agric., pp. 5, 
fios. 1-8, April. | 


This circular gives the results, substantially, of Mr. Townsend’s field inves- 
tigations of the insect in Mexico and Texas. It is pointed out that time has 
not offered opportunity to conduct extensive tests with remedies, and the sug- 
gestions made in this direction are largely from the theoretical side. The 
impracticability of the use of poisons is shown, and the collection and destruc- 
tion of infested bolls and rotation of crops are suggested. English and Spanish 
editions were issued. 


1895. Rios, J. R.—-Aparicion del ‘‘ Picudo” en la Laguna. El Pro- 
ereso de Mexico, August 15, 1895. 


1896. Howarp, L. O.—The Mexican Cotton-boll Weevil. Circular 
No. 14 (second series), Div. Ent., U. S. Dept. Agric., pp. 8, 
figs. 1-5. 

While styled a revision of Circular No. 6, Circular No. 14 contains a large 
amount of additional information relative to distribution, natural history and 
habits, and natural enemies and parasites, now worked out with substantial 
accuracy, incorporating the results of field studies by E. A. Schwarz, Mr. 
Townsend, and the author of the circular. Under the head of remedies is 
the first suggestion of the great importance of the cultural method of control, 
and especially the early fall destruction of the cotton plants, together with the 
recommendation of early planting and clean cultivation. Trapping late 
beetles in fall and over-wintered beetles in early spring are advised, together 
with the destruction of volunteer plants, the region infested up to this time 

_ being fairly within the range of volunteer or seppa cotton. 


1897. Howarp, L. O.—The Mexican Cotton-boll Weevil. Circular 
No. 18 (second series), Div. Ent., U. S. Dept. Agric., pp. 8, 

figs. 1-5. 

This circular repeats substantially the information conveyed in Circular 14, 
brings the data on distribution and other features down to date, and in the 
matter of remedies incorporates the results of field studies in Texas by Mr. 
C. L. Marlatt on food habits and poisoning, and indicates the supreme impor- 
tance of the cultural method of control, all other steps being merely palliative 
or to offset the failure to adopt this method. Issued in English, Spanish, and 
German editions. 


1897. Rios, J. R.—Aparicion del ‘‘ Picudo” en la Laguna. El Pro- 
ereso de Mexico, Vol. IV, pp. 811-813. 

A reprint of an article in the same journal for August 15, 1895. 

1897. Junta de Defensa Contra el ‘‘ Picudo.” Editorial, El Progreso 
de Mexico, Vol. V, pp. 8-9, Octobre 8. 

1897. El Picudo (Anthonomus grandis Boh.) Editorial, Documentos 
referentes a su Existencia en Mexico y a su Invasion in los 
Estados Unidos del Norte. Mexico, Oficina Tip. de la Secre- 
taria de Fomento, pp. 100, figs. 1-5. 
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Consists of a few letters from Mexican cotton planters and ‘piles of 
some of the publications of.the Division of Entomology. 


1897. BaLesrrier, L. pe.—Las Medias precautorias contra las Plagas 
que asolan ala Agricultura. El Progreso de Mexico, Vol. IV, 
pp. 575-576, May 22. = 


The author urges the necessity of some definite action. 


1897. Howarp, L. O.—The Mexican Cotton-boll Weevil in 1897. Cir- 


cular No. 27 (second series), Div. Ent., U. S. Dept. Agric., 
pp. 7. 


This circular records more particularly the further spread of the weevil, and 
repeats the suggestions relative to the cultural method of control from Cireular 
18, which method is urged as a practically complete remedy for the insect. 


1897. Howarp, L. O.—Insects Affecting the Cotton Plant. F armers’ 
Bulletin No. 47, U.S. Dept. Agriculture, pp. 16-23, figs. 7-11. 


Reprinted from Bulletin 33, Office of Experiment Stations, U. S. Dept. 
Agric., pp. 317-350: Repeats substantially the information and advice given 
in Circular 27. 


1898. Howarp, L. O.—Remedial Work against the Mexican Cotton- 
boll Weevil. Circular No. 33 (second ihe Diy. Ent., U.S. 
Dept. Agric., pp. 6. 
This is a supplementary circular giving the results of some experiments with 
poisons by Mr. Marlatt and Mr. Townsend. The cultural system of control 
is, however, again insisted upon. 


1901. Raneex, A. F.—Estudios preliminares acerca del Picudo del 
- Algodon (Insanthonomus grandis I. C. Cu.) Boletin de la 
Comision de Parasitologia Agricola, I, No. 3, pp. 93-104, PI. 
IX, and figure. 
Deals with 45 experiments regarding destruction by means of hot air, hot 
water, steam, haplaphyton, and arsenic. 


1901. Matiy, F. W.—A Preliminary Report of Progress of an Inves- 
tigation concerning the Life History, Habits, Injuries, and 
Methods for destroying the Mexican Cotton-boll Weevil 
(Anthonomous (sic) grandis). Authorized by Special Act of 
the Twenty-sixth Legislature of Texas, pp. 1-30, supplement 
pp. 35-45. 

1901. Marry, F. W.—The Mexican Cotton-boll Weevil. Marne? 
Bulletin, U. S. Dept. Agric., No. 130, pp. 30, figs. 1-4. 

A reprint, with minor corrections, of the preceding, excepting the supple- 
ment. Contains much new valuable information, but in the subject of reme- 
dies represents Mr. Mally’s own point of view and not the advice of the 
Bureau current at the same time. Nevertheless the cultural method is again 
given the greatest prominence. 

1901. Rancrn, A. F.—Segundo Informe acerca del Picudo del Algodon 
aa grandis 1. C. Cu.). Boletin de la Comision 
de Parasitologia Agricola, I, No. 5, pp. 171-176. 
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1901. Rance, A. F.—Tercer Informe acerca del Picudo del Algodon. 
Boletin de la Comision de Parasitologia seca Mexico, 
Vol. I, No. 6, pp. 197-206. 


1901. Rance, A. F.—Cuarto Informe acerca del Picudo del Algodon 
cas thonomus grandis 1. C. Cu.). Boletin de la Comision de 
Parasitologia Agricola, I, No. 7, pp. 245-261, Pls. XVI, X XIII. 


1901. Rance, A. F.—Quinto Informe acerca del Picudo del Algodon. 
_ Boletin de la Comision de Parasitologia Agricola, Mexico, 
Vol I, No. 8, pp. 302-317. 


1902. AsumEap, W. H.—A new Bruchophagus from Mexico. Psyche, 
TX, p. 324, March. — 
Contains the description of Bruchophagus les n. sp., a parasite of Antho- 
nomus grandis, from Coahuila, Mexico. 
1902. Ranaut, A. F.—Sexto Informe acerca del Picudo del wigodon 
Boletin de la Comision de Parasitologia Agricola, Mexico, 
Vol. I, No. 9, pp. 403-407. 


1902. Hupson, E. H.—The Mexican Boll Weevil (Anthonomus 
_ grandis). Farm and Ranch (Texas), Feb. 1, 1902, p. 13, figs. 


1902. Hunter, W. D.—The Present Status of the Mexican Cotton- 
boll Weevil in the United States. Yearbook U. S. Dept. 
Agric. f. 1901, pp. 369-380, 1 fig. . 

In this publication the cultural method of control is substantially the only 
method recommended, augmented by the suggestion of securing northern seed 
and early maturing varieties to hasten the crop production; also suggests the 
wide spacing of rows to secure the same end. 

1902. Marry, F. W.—Report on the Boll Weevil. Pp. 70, figs. 3. 
Austin, State Printer. 

1908. Hunter, W. D.—Methods of controlling the Boll Weevil (ad- 
vice based on the work of 1902). Farmers’ Bull. No. 168, 
U.5.. Dept. Agric., pp. 16, figs..2. January. 

The recommendations as to the steps of the cultural method are repeated in 
this publication, with the added suggestion of thorough cultivation and 
thinning of plants in the rows as well as wide spacing to hasten maturity. 

1903. Barrepa, L. de Ja.—El Picudo en San Pedro de la Colonia. 
Boletin de la Comision de Parasitologia Agricola, Mexico, 
Vol. IJ, No. 2, pp. 45-58. 


1903. Sanperson, E. D.—The Mexican Boll Weevil. Cire. 1, Ent. 
Dept. Tex. Agric. Exp. Sta. Press Notes, Vol. V, No. 3, pp. 
8, figs. 4. February. 

1903. Kill the Boll Weevil. How to Grow Cotton in the Weevil Dis- 
trict. History of the Pest, its Habits, and the Remedies 


Plainly Disclosed. Pp. 8, figs. 4. Published by the Executive 
Committee of the Texas Boll Weevil Convention. 


168 


1903. CHampron, G. C.—Biologia Centrali-Americana, Coleopt., Vol. ; 
IV, pt..4, p. 186, Pl. XL fies @) 3a. “April: 


1903. Save the Cotton Crop. Testimony of Cotton Growers on Boll 
Weevil. How to Insure the Cotton Crop in the Weevil 
District. Pp. 16; published by the Executive Committee of 
the Texas Boll Weevil Convention, Bull. No. 2, May. Also 
published in German under the title, ‘‘ Rettet die Baumwolle,” 
and in Bohemian under the title, ‘*‘ Zachrafite bavinu.” 


1903. SanpERson, E. D.—How to Combat the Mexican Cotton-boll 
Weevil in Summer and Fall. Cire. 4, Ent. Dept. Tex. Agric. 
Exp. Sta. Press Notes, Vol. V, No. 1, pp. 4. August 10. 


1908. Improved Cotton Seed for Texas Planting. Published by the 
Executive Committee of the Texas Boll Weevil Convention, 
pp. 32. Bull. 4, Nov. 9; revised Noy. 17. 


1903. Morean, H. A.—The Mexican Cotton-boll Weevil. Circular 
No. 1, La. Agric. Exp. Sta., pp. 10, figs. 3, map1. November. 


1903. Wuixson, JAMES.—Report of the Secretary of Agriculture, 1903. 
Pp. 102-106 under heading, ‘‘Crisis in Cotton Production,” 
deals with the Boll Weevil problem. December. 


1903. ConNELL, J. H.—Proceedings of the Second Annual Session 
* Texas Cotton Growers’ Convention, Dallas, Tex. Pp. 99; 
many illustrations. December. 


1903. Proceedings of the Boll Weevil Convention called by Governor 
W. W. Heard in New Orleans, La., November 30 and Decem- 
ber 1. Issued by Louisiana Bureau of Agriculture-and 
Immigration. 


1904. Scorr, M. C.—What Class will be Hurt by the Boll Weevil. 
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1904. Merriam, F. J.—Fertilizer as a Preventive of the Boll Weevil. 
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1904. Herrick, G. W.—The Mexican Cotton Boll Weevil. Cire. ‘No. 

| 17, Miss. Agric. Exp. Sta., pp. 7, figs. 2. February. 

1904. Hunrrer, W. D.—Information Concerning the Mexican Cotton 
Boll Weevil. Farmers’ Bull. No. 189, U.S. Dept. Agric., pp. 
1-31, figs. 1-8. February. Reprint in part in Farm and 
Ranch Cotton Supplement, May 28, p. 21. 

1904. SanpERson, E. D.—The Cotton Boll Weevil in Texas. Cire. 
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Hunter, W. D.—The Status of the Mexican Cotton Boll Weevil 
in the United States in 1903. Yearbook U.S. Dept. Agric. f. 
1908, pp. 205-214, Pls. XVII, XVIII, XIX, XX, XX], figs. 
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Poison Campaign against Weevil in 1901. Editorial, Farm and 
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STAGES OF MEXICAN COTTON BOLL WEEVIL. 


Fig. 1, Cotton boll weevil, back view of adu!t; fig. 2, side view of adult; fig. 3, egg; fig. 4, 
side view of larva; fig. 5, ventral view of pupa; fig. 6, adult, with wings spread—all 
except fig. 3 enlarged to four diameters; fig. 3 enlarged to twelve diameters (original). 


LETTERS OF TRANSMITTAL. 


To the Senate and House of Representatives: 

I transmit herewith, for the information of the Congress, a report 
on the Mexican cotton boll weevil. Your attention is respectfully 
invited to the accompanying letter of the Secretary of Agriculture 
recommending that at least 10,000 copies of this report be printed for 
the use of the Department of Agriculture, in addition to such num- 
ber as may be desired for the use of the Senate and House of 


Representatives. | 
THEODORE ROOSEVELT. 
Tue Waite Houss, Aarch 2, 1905. 


DEPARTMENT OF AGRICULTURE, 
OFFICE OF THE SECRETARY, 
Washington, D. C., March 2, 1905. 

Mr. Prestpent: I have the honor to transmit herewith, for your 
information and that of the Congress of the United States, a bulletin 
entitled ‘*The Mexican Cotton Boll Weevil: A Revision and Amplifi- 
cation of Bulletin 45, to include the most Important Observations 
made in 1904,” prepared by Messrs. W. D. Hunter and W. E. Hinds, 
of this Department. 

This is an elaboration of a bulletin published a year ago, and of 
which an especial edition was ordered by Congress. In view of the 
popular interest felt in this subject in Texas, Louisiana, and other 
cotton-growing States, I respectfully recommend that at least 10,000 
copies of this bulletin be printed for the use of this Department, in 
addition to the number which Congress may, in its wisdom, order for 
the use of members thereof. 

_ The preparation of the bulletin has been hastened as much as is pos- 
sible, consistent with accurate and careful work, and, while it is regret- 
- table that it could not have been completed at an earlier date, the 
urgency of its publication is such that it is my hope that you will see 
_ fit to urge Congress, before adjournment, to take the necessary steps 
to secure the publication of a sufficiently large edition. 

I have the honor to remain, Mr. President, 

Very respectfully, 
JamMES Witson, Secretary. 
The PrREsIDENT. 
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U.S. DerarTMENT OF AGRICULTURE, 
BUREAU OF Enromorocy, 
Washington, D. C., March 1, 1905. 
Str: I have the honor to transmit herewith the manuscript, pre- 
pared under my direction by Messrs. W. D: Hunter and W. E. Hinds, 
special field agents of this Bureau, of -an extended bulletin on the 
Mexican cotton boll weevil, which isa revision and amplification of 
Bulletin No. 45 and includes the results of the many important studies 
made during the season of 1904. It is so amplified and altered as to 


deserve independent publication. I therefore recommend that it be 


issued as Bulletin No. 51 of this Bureau. 


Respectfully, - 
L. O. Howarp, 


bute and Chief of Bie 
Hon. JAMES WILSON, 
Secretary of Agriculture. 
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PREFACE. 


The present bulletin is based upon Bulletin No. 45, of this Bureau, 
entitled ‘‘The Mexican Cotton Boll Weevil,” issued in May, 1904. 
That publication included the results of investigations of this impor- 
tant pest which had been carried on for several years. The present 
bulletin includes additional results that were obtained during the sea- 
‘son of 1904. In form the principal changes are in the incorporation 
of the treatment of some 50 additional topics. Asa matter of fact, 
however, some of the principal actual additions are incorporated in 
the tables which occur throughout the pages of the bulletin. Many 
additional features of the life history of the pest that may throw light 
upon the question of combating it have been investigated. In some 
respects very considerable additions to our knowledge of the insect 
have been made. ‘This is especially the case in all matters relating to 
dissemination. This topic deals with matters that are naturally diffi- 
cult to determine. The work must be done in the field, and a large 
territory must be covered. Through the cooperation with the Louisi- 
ana Crop Pest Commission, which was engaged in an attempt to pre- 
vent the further advance of the boll weevil into that State, a number 
of entomologists occupied several months’ time in the extreme eastern 
and northern regions infested by the pest. It is, of course, only upon 
the basis of such a complete knowledge of all means by which the 
weevil reaches new regions that the possibility of checking its advance 
may be considered. 

The Mexican cotton boll weevil (Anthonomus grandis Boh.) has the 
unique record of developing in less than twenty years from a most 
obscure species to undoubtedly one of the most important economic- 
ally in the world. It was first brought to the attention of the Bureau 
of Entomology as an enemy of cotton in Texas in 1894. Before it 
had invaded more than half a dozen counties in the extreme southern 
portion of Texas several entomologists were sent to the region in con- 
nection with this work. Enough was soon discovered to indicate the 
most feasible plans for avoiding damage by the pest. These original 
plans, based upon investigations of the life history of the insect, with 
modifications, for the most part due to climatic conditions in regions 
quite dissimilar to the lower portion of Texas, are still the basis for 
all that is known in combating the pest. However, at that time it 
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was necessary to pay particular attention to the immediate economic 
phases of the probleni, and a detailed study of the habits of the insect 
was impossible. In 1902, by the aid of a special appropriation by 
Congress, it became possible to establish a complete field laboratory 
in the portion of Texas in which the weevil had been known to exist 
at that time for about eight years, where a careful investigation could 
be conducted regarding the points in the life history of the pest that 
offered even remote chances of suggesting means of avoiding damage. 
The results of the work at this laboratory that: have been of more 
immediate economic bearing have already been published in farmers’ 
bulletins of this Department. However, as will be seen from the fol- 
lowing pages, a very large mass of information concerning all the — 
habits of the boll weevil has been accumulated. Not only on aecount 
of the great economic importance of the problem and the demand for 
information from numerous quarters concerning the biology of the 
pest, but also on account of the fact that the methods foilowed in this 
work have been to some extent original, and may be of use in con- 
nection with the investigation of other insects, it is thought advisable 
to publish a great number of the observations that have been made. 
The historical and economic features; to which reference has been 
made elsewhere in the publications of the Bureau, are included to 
bring together in convenient form practically all that is known regard- 
ing the species. Much information obtained by the earlier investi- 
gators of the Division of Entomology, Dr. L. O. Howard, Mr. C. L. 
Marlatt, Mr. C. H. T. Townsend, and Mr. E. A. Schwarz, has been 
used. On account of the painstaking character of the work of Mr. 
Schwarz, and his intimate knowledge of related species, his reports, 
largely unpublished, have been found especially valuable. Speeial 
acknowledgment is due to Mr. Schwarz also for his assistance in the 
determination of the recognizable insect. fragments contained in the 
bird stomachs collected and examined. Because of his very intimate 
knowledge of this work he has written the paragraphs under the sub- 
ject ‘‘ Birds,” pp. 150 to 153. 
» In presenting this work the authors have taken care to state fully 
the data furnishing the basis for the various conclusions. Under each 
important heading will be found, first, a description of the methods 
and apparatus employed; second, a full and in many cases tabular 
‘statement of observations; third, the obvious conclusions. Care has 
constantly been exercised to avoid errors likely to result from artificial 
conditions in the laboratory. A large part of the work of the past 
two years was in ascertaining how closely laboratory results corre- 
sponded to the actual conditions in the field. The writers have on 
many occasions been surprised to discover how close the correspondence 
is, and consider that the demonstration ona large scale of the possibil- 
ity of accurately determining the details of the life history and habits 
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of an insect by laboratory investigations is by no means the least 
important of the results of the investigation. 

In general the laboratory investigations have been under the direc 
tion of the senior author, Mr. W. D. Hunter, but practically all of 
the labor of preparing detailed outlines and of executing or supervis- 
ing the execution of the laboratory work has devolved upon the junior 
author, Mr. W. E. Hinds, who has been in charge of the boll weevil 
laboratory. In addition to the assistants, Messrs. A. W. Morrill and 
G. H. Harris, whose work was incorporated in the original publication 
(Bulletin 45), the most important observations and experiments of the 
following field agents have contributed to the publication in its pres- 
ent form: Messrs. C. M. Walker, W. D. Pierce, W. A. Hooker, W. W. 
Yothers, A. C. Morgan, J. C. Crawford, and S. Goes. Besides these, 
Prof. H. A. Morgan, the secretary of the Louisiana Crop Pest Com- 
mission, has suggested many lines of investigation. Mr. James Hull, 
of Victoria, Tex., was employed for several months in making a 
thorough study of cotton-ginning machinery. 

Specifically, all of the present bulletin, except the portion preceding 
the topic ‘‘ Life History,” p. 30, and the topics following the subject 
‘*Futile Methods Frequently Suggested,” p. 159, with the further 
exception of the topic upon ‘‘ Birds,” p. 150, has been written by the 
junior author. ‘The illustrations used are from photographs taken for 
the work by the junior author, with the exception of the text figures 
and the illustrations of ‘‘Insects mistaken for the boll weevil,” of 
which those marked “original” are, with one exception, from draw- 
ings prepared by the Bureau of Entomology. 


THE MEXICAN COTTON BOLL WEEVIL. 


GENERAL CONSIDERATIONS. 


| HISTORY. 


_ There is very little certainty regarding the history of the Mexicam 
cotton boll weevil before its presence in Texas came to the attention of 
the Bureau of Entomology in 1894. The species was described by 
Boheman in 1843 from specimens received from Vera Cruz, and it was. 
recorded by Suffrian in 1871 as occurring at Cardenas and San Cristobal... 
in Cuba. Written documents in the archives at Monclova, in the State. 
of Coahuila, Mexico, indicate that the cultivation of cotton was prac- 
tically abandoned in the vicinity of that town about the year 1848, or 
at least that some insect caused very great fears that it would be nec-- 
essary to abandon the cultivation of cotton. A rather careful inves-- 
tigation of the records makes it by no means clear that the insect was 
the boll weevil, although there is a rather firmly embedded popular: 
notion in Mexico, as well as in the southern United States, that the: 
damage must have been perpetrated by that species. As far as the. 
accounts indicate, it might have been the bollworm (/elcothis obsoleta)» 
or the cotton caterpillar (Alabama argillacea). 

- From the time of the note by Suffrian regarding the occurrence of. 
the weevil in Cuba in 1871 up to 1885 there has been found no pub- 
lished record concerning it. In 1885, however, C. V. Riley, then. 
Entomologist of the Department of Agriculture, published in the- 
report of the Commissioner a very brief note to the effect that Antho-- 
nomus grandis had been reared in the Department from dwarfed cot-. 
ton bolls sent by Dr. Edward Palmer from northern Mexico.? This is. 


.4The following is a copy of the original letter by Doctor Palmer: 
; EaGue Pass, Tex., September 28, 1880. 
The CoMMISSIONER OF AGRICULTURE. 
Str: Previous to leaving Monclova, Mexico, for this place I visited some fields: 
planted with cotton. Seeing but few bolls of cotton, examination revealed the cause.. 
An insect deposits its egg and the boll falls; thus some plants had only two or three, , 
others five or six bolls, while underneath the leaves, in the shade thereof, were: 
many that had fallen there in the moist shade to lay for the larva to hatch. Please: 
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the first account associating the species with damage to cotton. The 
material referred to was collected in the State of Coahuila, supposedly 
not far from the town of Monclova. The exact date at which the 
insect crossed the Rio Grande into Texas is as uncertain as the means 
whereby this was accomplished. All that can be found, which is 
mostly in the form of testimony of planters in the vicinity of Browns- 
ville, indicates that the pest first made its appearance in that locality 
about 1892. In 1894 it had spread to half a dozen counties in the 
Brownsville region, and during the last months of the year was 
brought to the attention of the Bureau of Entomology as an impor- 
tant enemy of cotton. Mr. C. H. T. Townsend was immediately sent 
to the territory affected. His report was published in March, 1895. 
It dealt with the life history and habits of the insect, which were pre- 
viously completely unknown, the probable method of its importation, 
the damage that might result from its work, and closed with recom- 
mendations for fighting it and preventing its further advance in the 
cotton-producing regions of Texas. It is much to be regretted that 
the State of Texas did not adopt at that time the suggestion made by 
the Bureau of Entomology that a belt be established along the Rio 
Grande in which the cultivation of cotton should be prohibited, and 
thus cut off the advance of the insect. 

The events of the last few years have ver ified the prediction of ane 
Bureau of Entomology in regard to the advance made and the damage 
caused by the insect. 

In 1895 the insect was found by the entsniulowiege who continued 
the investigation started the year before, as far north as San Antonio 
and as far east as Wharton. Such a serious advance toward the prin- 
cipal cotton-producing region of the State caused the Bureau to con- 
tinue its investigations during practically the whole season. The 
results of this work were incorporated in a circular by Doctor Howard,’ 
published early in 1896, in both Spanish and English editions. 

An unusual drought in the summer of 1896 prevented the maturity 
of the fall broods of the weevil, and consequently there was no exten- 
sion of the territory affected. It should be stated in this connection 
that the region from San Antonio to Corpus Christi, and thence to 
Brownsville, will frequently pass through similar experiences, which 
will be quite different from anything that may be expected to occur 


find enclosed insects and many of the injured bolls, some newly punctured, others 
taken from under the plant. 

Moncloyva, Mexico, and the surrounding country a few years ago was famous for 
its large supply of cotton; at this time none can be grown, owing to the destructive 
insect, samples of which are sent. The inhabitants would be glad to hear of a 
remedy, upon which matter in the future I will communicate with your Depa 

Your obedient servant, 
EDWARD PALMER. 
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in regions where the rainfall is more certain. In 1900, as well as in 
1903, in all or part of the region referred to, the numbers of the weevil 
were reduced by climatic conditions, principally a scanty rainfall, so 
that they were comparatively unimportant factors. During 1896 the 
_inyestigations were continued, and the results published in another 
circular issued in February, 1897. ‘This circular was published in 
Spanish and German as well as English editions, for the benefit of 
the very large foreign population in southern Texas. 

The season of 1897 was in many respects almost as unfavorable as 
that of 1896, although the pest increased its range to the region about 
Yoakum and Gonzales. Although this extension was small it was 
exceedingly important, because the richest cotton lands in the United 
States were beginning to be invaded. The problem had thus become 
so important that Mr. Townsend was stationed in Mexico, in a region 
supposed to be the original home of the insect, for several months to 
discover, if possible, any parasites or diseases that might be affecting 
it, with the object of introducing them to prey upon the pest in Texas. 
Unfortunately nothing was found that gave any hope of material 
assistance in the warfare against the weevil. 

The season of 1898 was very favorable for the insect. Bastrop, 
Lee, and Burleson counties became invaded, and some isolated colo- 
nies were found across the Brazos River, in Waller and Brazos coun- 
ties. Investigations by the Bureau of Entomology were continued, 
and a summary of the work, dealing especially with experiments 
conducted by Mr. C. L. Marlatt in the spring of 1896, was published 
in still another circular. At this time the legislature of the State of 
Texas made provision for the appointment of a State entomologist 
and provided a limited appropriation for an investigation of means 
of combating the boll weevil. In view of this fact the Bureau of 
Entomology discontinued, temporarily, the work that had been carried 
on by having agents in the field almost constantly for four years, and 
all correspondence was referred to the State entomologist; but, 
unfortunately, the insect continued to spread, and it soon became 
apparent that other States than Texas were threatened. This caused 
the work to be taken up anew by the Bureau of Entomology in 
1901, in accordance with a special appropriation by Congress for an 
investigation independent of that being carried on by the State of 
Texas and with special reference to the discovery, if possible, of 
means of preventing the insect from spreading into adjoining States. 

In accordance with this provision an agent was sent to Texas in 
March and he remained in that State until December. He carried on 
cooperative work upon eight of the larger plantations in the weevil 
region. The result of his observations was to suggest the advisability 
of a considerable enlargement of the scope of the work. It had been 
found that simple cooperative work with the planters was exceedingly 
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unsatisfactory. The need of a means of testing the recommendations 
of the Bureau of Entomology upon a large scale, and thereby furnish- 
ing actual demonstrations to the planters, became apparent. Conse- 
quently, at the suggestion of the Department of Agriculture, provision 
for an enlargement of the work was made by Congress. Agreements 
were entered into with two large planters in typical situations for test- 
ing the principal features of the cultural system of controlling the 
pest upon a large scale. In this way 125 acres at Victoria and 200 
acres at Calvert were employed. At the same time the headquarters 
and laboratory of the special investigation were established at Vic- 
toria, and such matters as parasites, the possibility of poisoning the 
pest or of destroying it by the use of machines, as well as investigat- 
ing many of the features of its biology that were still absolutely 
unknown, were given careful attention by a specially trained assistant 
whose services were procured for that purpose. The results of the 
field work for this year were published in the form of a Farmers’ 
Bulletin entitled ‘‘ Methods of Controlling the Boll Weevil; Advice 
Based on the Work of 1902;” but on account of the late date of the 
establishment of the laboratory (June), and the consequent incom- 
pleteness of many of the records, it was not thought advisable to 
publish anything concerning the laboratory investigations. During 
this season cooperation was carried on with the Mexican commission | 
charged with the investigation of the boll weevil in that country, which 
was arranged on the occasion of a personal visit of Dr. L. O. Howard 
to the City of Mexico in the fall of 1901. Specimens of parasites were 
frequently exchanged, and through the courtesy of Prof. A. L. 
Herrera, chief of the Mexican commission, an agent in charge of the 
investigation in Texas visited the laboratories at.the City of Mexico 
and Cuernavaca, where a study was made of the methods of propa- 
gating parasites, especially Pediculotdes ventricosus Newp. A large 
number of specimens of this mite were brought back to Texas, where 
they were carried through the winter successfully and used in field 
experiments the following season. 

The favorable reception by the planters of Texas of the experi- 
mental field work conducted during this season, with the increased 
territory invaded by the pest, brought about an enlarged appropria- 
tion for the work of 1903. By enactment which became effective on 
the 4th of March, $30,000 was placed at the disposal of the Bureau of 
Entomology. Itthus became possible toincrease the number and size 
of our experimental fields as well as to devote more attention to the 
investigation of matters suggested by previous work in the laboratory. 
Seven experimental farms, aggregating 558 acres, were accordingly 
established in as many distinct cotton districts in Texas. Despite 
generally very unfavorable conditions the results of this experimental 
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work demonstrated many important points. The principal ones are 
detailed in Farmers’ Bulletin No. 189 of this Department. 

A general realization of the great damage done by the boll weevil now 
led to the appropriation by Congress of $250,000 for use in enabling 
_ the Secretary to meet the emergency caused by the ravages of the 
insect in 1904. It thus became possible to again increase the number of 
experimental farms and to pay especial attention to a number of impor- 
tant matters that could not be investigated previously. As was stated 
in the preface, the present bulletin is one of the results of this work. 
The economic results of more immediate importance have been pub- 
lished in farmers’ bulletins and other publications of this Department. 
Farmers’ Bulletin 209 dealt with the possibility of controlling the boll 
weevil in cotton seed and at gins. Farmers’ Bulletin 211 dealt with 
the value of the use of Paris green in an attempt, to control the pest, a 
matter which was of very great importance in infested regions during 
the season. Circular No. 56 of the Bureau of Entomology dealt with 
the most important step in controlling the pest, namely, the early 
fall destruction of the stalks. Including the seven editions of Farmers’ 
Bulletin No. 189, which incorporated some of the results of the work 
of the season of 1908, 260,000 copies of these publications were 
issued. 


DESTRUCTIVENESS. 


Various estimates of the loss occasioned to cotton planters by the 
boll weevil have been made. In the nature of the case such estimates 
must be made upon data that is difficult to obtain and in the collec- 
tion of which errors must inevitably occur. There is of course a 
general tendency to exaggerate agricultural losses, as well as to attrib- 
ute to a single factor damage that is the result of a combination of 
many influences. Before the advent of the boll weevil into Texas 
unfavorable weather at planting time, summer droughts, and heavy 
fall rains caused very light crops to be produced. Now, however, the 
tendency is everywhere to attribute all of the shortage to the weevil. 
Nevertheless, the pest is undoubtedly the most serious menace that 
the cotton planters of the South have ever been compelled to face, if 
not, indeed, the most serious danger that ever threatened any agri- 
cultural industry. It was generally considered, until the appearance 
of the pest in Texas, that there were no apparent difficulties to prevent 
an increase in cotton production that would keep up to the enlarging 
demand of the world until at least twice the present normal crop of 
about 10,500,000 bales should be produced. Now, however, in the 
opinion of most authorities, the weevil has made this possibility very 
doubtful, although the first fears, entertained in many localities, that 
the cultivation of cotton would have to be abandoned have generally 
been given up. An especially unfavorable feature of the problem is 
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in the fact that the weevil reached Texas at what would have been, 
from other considerations, the most critical time in the history of the 
production of the staple in the State. The natural fertility of the 
cotton lands had been so great that planters had neglected completely 
such matters as seed selection, varieties, fertilizers, and rotation, that 
must eventually receive consideration in any cotton-producing country. 
In general, the only seed used was from the crop of the preceding 
year, unselected and of absolutely unknown variety, and the use of 
fertilizers had not been practiced at all. Although it is by no means 
true that the fertility of the soil had been exhausted, nevertheless, on 
many of the older plantations in Texas, the continuous planting of 
cotton with a run-down condition of the seed combined to make a 
change necessary in order to continue the industry profitably. 
A careful examination of the statistics, to which more complete ref- 
erence is made in Farmers’ Bulletin No. 189, has indicated that the 
pest causes a reduction in production for a few years after:its advent 
of about 50 per cent, but at the same time it is evident that most 
planters within a few years are able to adopt the changes im the sys- 
tem of cultivating this staple that are made necessary by the weevil, 
so that the damage after a short time does not compare with that at 
the beginning. Upon the foregoing basis, during the season of 1903 
he weevil caused Texas cotton planters a loss of about $15,000,000, 
and this estimate agrees rather well with estimates made in other 
ways by the more conservative cotton statisticians.. A similar esti- 
mate made in 1902 led to the conclusion that the damage amounted 
to about $10,000,000. It consequently appears that during the years 
the pest has been in Texas the aggregate damage would reach at least 
$50,000,000. Many conditions of climate and plantation practice in 
the eastern portion of the cotton belt indicate that the weevil problem 
will eventually be as serious east of the Mississippi as it now is in 
Texas. According to the estimates of Mr. Richard H. Edmunds, the 
editor of Manufacturers’ Record, the norma! cotton crop of the United. 
States represents a value of $500,000,000; the extreme ultimate dam- 
age that the pest might accomplish over the entire belt would be in the 
neighborhood of $250,000,000 annually, provided none of the means 
of avoiding damage that are now coming into common use in Texas 
were adopted. In spite of the general serious outlook, however, it 
must be stated that fears of the damage the weevil may do are very 
often much exaggerated, especially in newly invaded regions. It is 
not at all necessary to abandon cotton. The work of the Bureau of 
Entomology for several seasons has demonstrated that a crop can be 
grown profitably in spite of the boll weevil, and this experience is 
duplicated by many planters in Texas. 
During the season of 1904 the usual increase in infested territory 
occurred. About 15,000 square miles, representing approximately an 
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area devoted to the cultivation of cotton of 900,000 acres, the normal 
production from which would be in the neighborhood of 350,000 bales, 
became invaded for the first time. This brings up the total infested 
area in the United States at present to about 32 per cent of the total 
cotton acreage. A very conservative estimate of the damage caused 
by the pest, based upon the principles mentioned in the foregoing 
paragraph, is $22,000,000 for the season of 1904, as against about 
$15,000,000 during the preceding season. Many estimates much larger 
than this one have been made. Careful examination, however, reveals 
_ the fact that many fallacies are connected with such excessive esti- 
mates. There is a general tendency to overestimate the damage by 
insect pests, and to attribute all of the damage in any quarter to insect 
depredations when climatic conditions have been unfavorable. 

In this connection it is of interest to note the present very large 
crop (estimated by the Bureau of Statistics of this Department on 
December 3, 1904, as 12,162,000 bales“), and to refer to the question 
that has ae aad as re the reasons for this very large production 
in view of the large territory infested by the pest. The following 
appear to be the principal reasons for the present large production: 

(4) The insect. has not yet reached numbers in all its range sufficient 
to appreciably reduce the crop. The accompanying map (fig. 1, p. 25) 
outlines the total area in which any weevils are known to occur. In 
perhaps 10 per cent of the territory thus considered infested only 
isolated colonies occur, and the general production has not yet been 
curtailed. In some of the northern counties of Texas, for instance, 
the production could not have been reduced by the weevil, although 
the statistics show considerable variation between the several years on 
account of changes in acreage and the ravages of other insects, prin- 
cipally the bollworm. The following table shows variations in pro- 
duction in some of the counties of north Texas in which the boll weevil 
is not yet numerous enough to appreciably reduce the crop. 


TaBL_e I.—Cotton production in certain counties in northern Texas, in equivalents of 500- 


pound bales. 


County. 1899. 1900. 1901. 1902. 1908. Average. 
MESON A UE ares Maisie ale plaza mete mace Le ilsy Wee! 34, 488 28, 454 16, 981 30, 172 25, 031 
OUNCE ee oe cates Cau Sees aenees tes aes 16, 826 21, 347 16, 756 17, 829 20, 307 18, 613 
ee Ole eee ee ok copie oupeee es sboeee 28, 584 47, 870 35, 911 31, 284 33, 815 35, 452 
COCHISE: 5 EME Ie Per el a eg ee Oe ee Set? 49,077 70, 963 60, 049 47,344 62, 979 58, 082 
SOND Keio os oa wicncw'ss se wmitw bis teen eek 11, 905 18, 751 19, 561 11, 012 20, 813 16, 408 


(2) Throughout the portion of Texas where the bulk of the crop is 
produced—that is, north of about the latitude of Waco—various condi- 
tions combined to cause an unusually small number of weevils to 
hibernate successfully during the winter of 1903-4. The principal 
factor in this situation was the very early date of the first killing frost, 


@Census Bul. 19, April 25, 1905, gives crop of 1904 as 13,584,457 bales of 500 pounds. 
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which was about thirty days prior to the average date for the past 
fifteen years. This early frost destroyed a great number of immature 
weevils in the squares and bolls which would otherwise have passed 
through the winter to damage the crop in the spring. 

(3) Ani impor tant factor which has contributed to the predaviion of 
a large crop in the same region has been a lessened degree of damage 
by the bollworm. It has been estimated by Mr. A. L. Quaintance, of 
the Bureau of. Entomology, that this pest could not have caused more 
than about half as much damage during 1904 as during the preceding 
season. During the first of these years it was estimated that the dam- 
age would aggregate D5, 000, 000, as ee about $2,500,000 damage 
for the latter year. 

(4) The high price of cotton prior to the time of planting the crop 
of 1904 undoubtedly had the effect of increasing the acreage consid- 
erably. 3 

(5) The growing season was unusually favorable. The average of 
the conditions of the growing crop in Texas from May to September, 
inclusive, as published by the Bureau of Statistics, of this Department, 
was 82 in 1904, as against 72.5 in 1903. The average condition for 
1904 was, in fact, much higher than in even the season of the largest 
crop ever previously produced, namely, 1900, when the average condi- 
tion reported for the months mentioned was 77.6. 

(6) The season of 1904 was exceedingly favorable during the time 
of picking the crop, resulting in an unusually small Joss of lint from 
rains. 

(7) The large amount of work done by the Department of Agri- 
culture and commiercial bodies which imported many carloads of 
improved seed, and the more general adoption of approved cultural 
methods also contributed somewhat to the large crop produced. 

A general idea of the effect of the ravages of the boll weevil in reduc- 
ing the crop in Texas may be obtained from the following table: 


TABLE II.—Comparison of cotton production and acreage in Texas and Louisiana m 
equivalents of 500-pound bales. 


Texas. Louisiana. 
Acreage. Crop. Acreage. Crop. 
1600202. a LS, Sea ee ee ae 6,642,309 | 2,609,018 1,179, 156 700, 352 
1900 522 6.2 Pe ae ea eS ee eee ee 7,041, 000 3, 438,386 | 1,285,000 705, 767 
WSO) asc ee oe ee oe eee 7,745,100 | 2,502,166 | 1,400, 650 840, 476. 
ee a as wate cis oa ce TES Dale SE Se IE Seen, aaah eee 8,006,546 | 2,498,013 | 1,662, 567 882, 073 
L903 soso eee oes COEDS Wan SO Se an tee Seen 8, 129, 300 2, 471,081 | 1,709, 200 824, 965. 
1904 2S) oer oes Oe See tien orca IS eee eae ee oe 8, 704,.000 5 030, 433 | 1,940, 000 893, 193 


It will be seen that while the acreage in Texas and Louisiana has 
been increasing at about the same proportion the crop in Texas has. 
decreased annually for the past six years (with two exceptions—1900-. 
and the present year), while the crop in Louisiana has increased annu- 
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. ally (with one inconsiderable exception—in 1903). That the boll weevil 
is the cause that has prevented Texas from keeping pace with Louisiana 
will be admitted by all. The exceptional years, 1900 and 1904, in 
which the production in Texas did not decrease, were undoubtedly 

_ those in which the conditions for the cotton plant were unusually favor- 


xe 


zanuen\ re | 


Fic. 1.—Map showing increase of weevil-infested territory between the years 1901and 1904. (Original). 


able. Moreover, it is to be noted that in the first of these two years 
the pest had not reached far into the most productive counties. 


TERRITORY AFFECTED. 


At the present time the boll weevil has not been found in the 
United States outside of Texas and Louisiana. The infested territory 
in this country is shown on the accompanying map (fig. 1). In con- 
nection with this figure it should be noted carefully that there is a 


26. 


considerable area within the outside line in which the weevil has mae 
yet reached great numbers. 


At frequent intervals during the season of 1904 accounts haye 


appeared regarding the occurrence of the weevil at points far beyond 
the limits of the infested territory as indicated in fig. 1. It seems 
likely that at any time the pest may be carried far outside of the 
present infested territory through the shipment of cotton seed or 


certain other cotton products. In view of this fact the Bureau of 


Entomology has paid especial attention to these reports. Entomolo- 


gists connected with the Bureau have investigated rumors originating — 


in parts of Louisiana, Arkansas, and Indian Territory, and through 
cooperation with State and station entomologists the Bureau has also 
received specific information about reports in Georgia, South Caro- 
lina, and elsewhere. Fortunately, it has been determined. that all 
these reports have been based upon misidentifications of the numerous 
species of insects which are apt to be found in cotton fields. 

In Texas the infested area extends from Brownsville, where the 
weevil originally entered the State, to Sherman. In Louisiana six of 
the westernmost parishes are known to be generally infested and 
three others have a small number of weevils within their boundaries. 
The cotton acreage involved in this territory amounts to 32 per cent 
of the cotton acreage in the United States, and produced in 1900 about 
37 per cent of the total crop of this country, or over one-fourth of the 
crop of the world for that year. 

There are some features of special interest in the situation in Cuba. 
Although the weevil has long been known to occur in the island, it 
has attracted very little attention on account of the fact that the nt 
tivation of cotton was abandoned for a long time in favor of crops that 
have been more profitable. Now, however, with the better price of the 
staple and rather unsatisfactory returns from some other crops, cot- 
ton is being planted upon a considerable scale. Mr. E. A. Schwarz 
was sent to the island on two occasions to study the conditions there. 
Although his report refers especially to the Province of Santa Clara, 
it is probably true that conditions similar to those he describes obtain 
everywhere. He found that the entire province is naturally more or 
less infested by the boll weevil, and that weevils did not spread from 
cultivated cotton planted with seed obtained in the United States to 
the wild plants, as at first supposed, but from the latter to the former. 
The weevils were found to be more numerous on the kidney cotton 
growing wild than on the loose cotton (seminiella). The latter, when 
growing alone, was usually found to be free from weevils, but likely 
to be infested when growing in the vicinity of kidney cotton. A large 
number of wild cotton trees growing in the vicinity of dwellings or 
growing entirely wild are always infested, and here the weevils are 
more numerous, but never as numerous as on the cultivated Egyptian 
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cotton. At one locality, where a large number of kidney cotton trees 
were growing (about 50 plants, some of them probably 20 years old), 
it was found that at least one out of every twenty squares had been 
punctured by the first week in March. From Mr. Schwarz’s report 
it does not seem that there is a very promising outlook for cotton 
raising in Cuba. The presence of wild perennial cotton, upon which 
the weevil probably exists everywhere, will always be a source of 
danger. The long moist seasons and mild winters will form more 
favorable conditions for the pest than will occur anywhere in the 
- United States. 

During the season of 1904 Mr. Edward ae conducted an inter- 
esting experiment in the cultivation of cotton in the Santa Clara 
Province, Cuba, at the suggestion of the Bureau of Entomology. The 
plan of the experiment was to eradicate all of the wild cotton plants 
growing in the vicinity of the place where a field of cotton was to be 
planted. By such eradication some time prior to planting it was sup- 
posed that the weevils would be greatly reduced in numbers. Very 
recently Mr. Ferrer has reported that the results have been exceedingly 
gratifying. He succeeded in obtaining a very profitable crop of cot- 
ton by the means suggested at a place where several previous attempts 
had resulted in failure. 


DISTRIBUTION OF THE BOLL WEEVIL. 


The following list of localities represents the range in distribution 
of this insect so far as it is positively known at the present time: 

United States.—Louisiana: six western parishes of Louisiana wholly 
or par tially infested; Texas: all of the principal cotton-growing coun- 
ties in the southern, central, and eastern portions of the State, a few 
border counties alone tie Red River in the northeastern part of the 
State not yet infested. (See fig. 1, p. 25.) 

Mexico.—Tamaulipas: Matamoras, Jiminez; Vera Cruz: Vera Cruz," 
San Andres Tuxtla; San Luis Potosi: San Bartolo; Coahuila: San Isi- 
dro, Allende, Monclova; Michoacan: Zamora; Morelos: Cuernavaca.® 

Cuba. i ane cree Pinar del Rio: San Cristobal, Rangel; 
Santa Clara: Cayamas; Meta: Eastern portion, Cardenas. 

Guatemala.—Alta Vera Paz (Cook); Peten: Ban José (Champion).: 

It has been impossible to verify the rumors which state that the 
boll weevil has been found in Brazil and also in some localities in 
Africa where cotton is grown. It is said that the injury in these 
localities is identical with that of the boll weevil in the United States. _ 
In the Philippines there has been found a species of weevil which is 
distinct from the Mexican cotton boll weevil, but attacks the cotton 
in a very similar manner. 

@Recently Dr. A. L. Herrera has sent specimens collected at Mazatlan in the State 
of Sinaloa by M. T. Madrigal. 
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PROSPECTS. 


The investigations of the life history of the weevil that are referred 
to in detail in the following pages have indicated that the most impor- 
tant elements in limiting the spread of an insect—namely, winter tem- 
peratures and parasites—in this case offer no assurance that the pest 
will soon be checked. For the past ten years, except where lvucal 
unfavorable conditions have interfered, it has advanced annually a 
distance of about 50 miles. The insect is undoubtedly changing its 
habits and adapting itself to climatic conditions in new regions that it 
is invading. It is undoubtedly true that it has acquired an ability to 
withstand more severe frosts than occurred in the vicinity of San 
Antonio in 1895. Except in a few particular regions, however, it 
does not seem that the continued spread will be as rapid as it has been. 
The country between Gonzales County and the Red River is practically 
a continuous cotton field, and the prevailing winds have undoubtedly 
favored the northward spread of the insect. Similar conditions will 
now favor a rapid extension into the Red River Valley in Louisiana, 
and likewise there seems no doubt that the spread will be rapid in the 
Yazoo Valley in Mississippi; but in most other situations throughout 
the belt the cotton fields are smaller and more isolated than is the case 
in Texas; consequently it is to be supposed that the spread of the pest 
will be retarded somewhat. 

Basing estimates on a careful study of the distance the boll weevil 
has traveled each year, as well as upon some attention that has been 
paid to the means whereby it reaches new territory, referred to more 
in detail hereafter (p. 123), it seems safe to predict that in from fifteen 
to eighteen years the pest will be found throughout the cotton belt. 
During the time it has been in Texas there has been no tendency 
toward dying out, and in south Texas the pest is practically as trou- 
blesome, except in so far as it is affected by changes in managing the 
crop, as it was in 1895. In Mexico, where it has existed for a much 
longer period, it is apparently as plentiful asever. Careful attention 
that has been paid to the study of parasites and diseases, as well as 
temperatures unfavorable to the insect, has failed to reveal any pros- 
pect that it will ever be much less troublesome than now. There 
will, nevertheless, be seasons from time to time in which the damage 
will be much less than normal. Climatic conditions will undoubtedly 
cause temporary diminution of the numbers of the pest in certain 
localities. In Texas these conditions have given rise almost every 
year to the supposition on the part of the planters that the insects 
have died out. This was especially the case in the region between 
San Antonio and Beeville in 1900, and in the vicinity of Corpus 
Christi in 1903. Both these years followed a series of seasons in 
which there was much less than the normal rainfall; consequently not 
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only had a great many of the weevils been killed, but the numbers 
had been diminished by reason of the very limited extent to which it 
was possible to raise cotton. Both 1900 and 1903, however, were 
exceedingly favorable for cotton. Early planting was possible, and 
there was an abundance of rain throughout the season. The crop 
was so far advanced by the time the weevils became numerous that a 
very fair yield was made, although in neither of the cases was any 
top crop whatever produced. Whenever a series of years of scanty 
rainfall is followed by one of normal precipitation the weevil will 
temporarily be comparatively unimportant. The most disastrous 
- seasons will be those in which the rainfall is excessive and planting 
unavoidably thrown late. 

One of the most interesting features of the situation which devel- 
oped during the season of 1904, which will be dealt with more fully 
in the succeeding pages, was the fact that the infested region extended 
eastward much more rapidly than northward. Careful examination of 
the portions of Indian Territory and Arkansas which the weevil is apt 
to reach first has failed to reveal any infestation; in fact, on the north 
the limitation of the infested territory remains practically the same 
as at the end of the season of 1903. This applies, however, only to 
the total infested area in which even isolated colonies have been found 
to exist. There has been, nevertheless, a gradual northward advance 
of the region of gross infestation. Its advance has extended from 
the latitude of the northern portion of Ellis County to about the 
latitude of the southern portion of Collin County. This situation 
raises the question of whether the pest has not reached a northern 
limit beyond which its spread would be prevented or at least checked 
by climatic conditions. It has been found that there is at least 
one full generation less during the season at Terrell, Tex., than at 
Victoria, Tex., 275 miles farther south. This naturally means a 
greatly lessened degree of damage. The time when the maximum 
number of weevils per acre is produced is made considerably 
later with a consequent manifest advantage to the crop. The 
lessened number of generations is due to three principal factors. 
(1) Later emergence from hibernating quarters; (2) greater time 
required for the development of the several stages; and (3) the 
earlier date of the first killing frost. It was pointed out in a 
previous bulletin (i. e., No. 45) that the considerations just men- 
tioned would probably cause the weevil problem to be much less 
serious in extreme northern Texas and similar localities than 
has been the case in regions that have hitherto been infested. Never- 
theless, it is to be expected that there will be some adaptation on the 
part of the weevil to the climatic conditions in newly-invaded regions, 
and this element introduces considerable risk in any prediction regard- 
ing future damage. From the present outlook, however, it may be 
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stated that, in all probability, the greatest damage by the pest will 
always be in the regions south of the latitude of Dallas, Tex. A 
careful consideration of the matter, based upon what is known regard- 
ing the life history and habits of the boll weevil, leads to the supposi- 
tion that in the alluvial lands of the southern part of the belt, into 
which the pest is now encroaching, the damage will be greater than in 
any areas which have suffered up to the present time. In Texas, as 
is well known, a reasonably effective method of mitigating the damage 
of the pest has been developed, known as the cultural system. It is 
to be feared that there will be many obstacles in the way of the adap- 
tation of this system to other regions. Of course, the planters in 
other States will have the advantage of learning from the experience 
of planters in Texas; nevertheless, there will undoubtedly be many 
difficulties. The greater rainfall from the Sabine River eastward 
wili contribute to the very rapid multiplication of the weevils. In - 
Louisiana the rainfall during the growing months of May, June, July, 
and August has been 4.47 inches each. In Texas, for the same 
months, the average monthly precipitation has been only 3.26 inches. 
« In this connection it becomes of some interest to speculate as to the 
possibility that the weevil may eventually be carried outside of the 
United States and gain a foothold in other cotton-producing countries. 
The fact that the insect is rather rapidly adapting itself to conditions 
in the United States that are quite diverse from those of its natiye home 
leads to the supposition that it would experience but little difficulty in 
adapting itself to climatic conditions wherever cotton may be grown. 
This probability of the spread of the weevil outside of the United 
States is increased by the fact that cotton seed for planting purposes 
is frequently shipped from the United States to various parts of the 
globe, and that within the last few years various conditions have 
caused especial interest to be displayed in this matter. There is noth- 
ing whatever to prevent weevils that may happen to be sacked with 
cotton seed from being carried long distances on shipboard. In .the 
semidormant condition in which they hibernate, they have often been 
known to go longer without food than is ordinarily required for a 
freight shipment from Galveston to Cape Town. Although there are 
no truly cosmopolitan cotton insects, it seems likely that the boll wee- 
vil may eventually be more widely distributed than any other. 


LIFE HISTORY. 
SUMMARY. 


The egg is deposited by the female weevil in a cavity formed by eat- 
ing into a square or boll. The egg hatches in a few days and the 
footless grub begins to feed, making a larger place for itself as it 
grows. During the course of its growth the larva sheds its skin at 
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least three times, the third molt being at the formation of the pupa, 
which after a few days sheds its skin, whereupon the transformation 
becomes completed. These immature stages require on the average 
between two and three weeks. A further period of feeding equal to 
ahout one-third of the preceding developmental period is required to 
perfect sexual maturity so that reproduction may begin. 

Variation in size depends directly upon abundance and condition of 
the food supply. Weevils of average size are about 8 mm. in length, 
one-third as broad as long, and weigh about one-fourth of a grain. 
Color varies as widely as does size. It is usually of a gray or yellow- 
brown, and is most markedly yellow in the largest weevils. Sexes 
are produced in practically equal numbers, the males predominating 
slightiy. No other food has been found which will attract weevils 
from squares and no plant but cotton upon which they can sustain 
themselves for any considerable length of time. (See Pl. I, fig. 7.) 


THE EGG. 


The egg of the boll weevil is an unfamiliar object even to many who 
are thoroughly familiar with the succeeding stages of the insect. If 
laid upon the exterior of either square or boll it would be fairly con- 
_spicuous on-account of its pearly white color. Measurements show 
that it is, on the average, about 0.8 mm. long by 0.5 mm. wide. Its 
form is regularly elliptical (Pl. I, fig. 3), but both form and size vary 
somewhat. Some eggs are considerably longer and more slender than 
the average, while others are ovoid in shape. The shape may be 
influenced by varying conditions of pressure in deposition and the 
shape of the cavity in which it is placed. The soft and delicate mem- 
brane forming the outer covering of the ege shows no noticeable 
markings, but is. quite tough and allows a considerable change in form. 
Were the eggs deposited externally they would doubtless prove 
attractive to some egg parasite as well as to many predatory insect 
enemies. Furthermore, the density of the membranes would be 
insufficient to protect the egg from rapid drying or the effects of 
sudden changes in temperature. All these dangers the female weevil 
avoids by placing the eggs deeply within the tissue of the squares or 
boils upon which she feeds. Asa rule, the cavities which receive eggs 
are especially prepared therefor and not primarily for obtaining food. 
Buried among the immature anthers of a square or on the inner side 
of one carpel of a boll, as they usually are, weevil eggs become very 
inconspicuous objects (PI. ILI, fig. 8) and are found only after careful 


search. 
EMBRYONIC DEVELOPMENT. 


Owing to the transparency of the egg membranes, something of the 
development of the embryo can be seen through them. Special study 
is now being made of the embryology of the weevil. The fully devel- 
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oped embryo completely fills the interior of the egg, its large head 
being in one end and its body curved ventrally upon itself till nearly 
double. Considerable motion is manifested if the egg be touched at 
this period. 

DURATION OF EGG STAGE. 


Concealed as the eggs are beneath several layers of vegetable tissue, 
it is impossible to examine them to ascertain the exact length of the 
egg stage without in some degree interfering with the naturalness of 
the accompanying conditions. The beginning of the stage was easily 
obtained by confining female weevils with uninfested squares. Care- 
ful dissections were then made of the squares at a little later than 
what was found to be the average embryonic period at that season. 
In this way it is believed the range of error was reduced to a fraction 
of a day in most cases, and a large number of observations were made 
to still further reduce the error. 


As shown by Table III, 631 observations have been recorded upon > 


this point, the majority of the observations being made in the fall of 
1902. Considering the temperatures prevailing at the four periods 
studied, it appears that the range in development during the average 


season at Victoria, Tex., has been included, and it seems probable- 
that from these temperatures as a basis the length of the egg stage 


can be approximately determined for any season and for any locality 
within the present area of infestation. 


TaBLE III.—Duration of egg stage at certain periods. 


Mean | Average} Average 
temper- | effective] duration 
ature for | temper- of egg 
period. | ature.a stage. 


- Number 
Period of examination. of obser- 
vations. | 


1902. OP OR: Days. 
September Ato Octobend 9.29252 sacs eee oe ee eee eee 385 81.0 38.0 | 2.5 to 3.0 
OEtober 7 torNovember 13745595) -esesac see eae oe eee eee 107 73.0 30.0 | 4.0 to 4.5 
November27.to December lo 24.5. esse ee oo eee eames oa oe 36 62.0 19.0 11.0 
1903. 
SUN pay a vos Io baven pete ean Se Rt oe se Te ae he Ss Bre 25 72.5 32.5 | 3.5 to 4.0 
1904. 
MXPELIMENtS 1 ACe POR ssa 5 acs Soe ee eee a lee asco ae 78 70.0 27.0 5.1 


ot Wey 2 pe a Se a Ee Ne ee ee Re es 6312). 3 eee 53.6 to 4.2 


aIn considering the influence of temperature upon the weevils it has been found that with the weevil, 
as has been found to be the case with many animals, 43° F. is about the lowest temperature at which 
activity isshown. Temperatures below that point would, therefore, have no influence upon activity, 
while all above that point would. For this reason, it is better to speak of the ‘‘ effective temper- 
ature,’ meaning by that the number of degrees above 43° F. Experiments made upon the influence 
ee temperature upon the activity of weevils indicate that this isan approximately correct figure for 
this insect. 

b Weighted average. 


The extreme range observed in Table III in the duration of this 
stage is from 2 to 15 days, while the average period for the whole 
number of observations is but 3.6 days. It is possible that the embryo 
can undergo an even greater retardation without losing its vitality. 


PLATE Il. 
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Fig. 7, Collection showing life history and work of boll weevil—reduced to one-half natural diameter (original), 
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DEVELOPMENTAL STAGES IN SQUARES AND BOLLS. 


Fig. 8, Square showing location of two eggs and the cavity formed by a feeding puncture, natural 
size; fig. 9, square showing puncture formed for oviposition with egg deposited outside; figs. 10, 
11, 12, series of views showing transformation from larva to adult which takes place in the 
square on the ground; fig. 13, boll nearly full grown containing two large larve—figs. 9 to 13 
reduced to two-thirds natural diameter (original). 
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Among 34 eggs kept for from 9 to 15 days at a temperature of from 
49 to 45° F. none hatched when later removed to a higher temperature. 

It may be noted here that drying of the square will also retard 
embryonic development, but this condition does not occur in the field. 


TaBLE 1V.—Range.in duration of egg stage. 


Number |Duration of; Number |Duration of 
of eggs. egg stage. of eggs. egg stage. 


Days. Days. 
2 


2 4 5 to 6 
132 2to3 8 8to 9 
192 5 10 to 11 

2to 4 15) 10 to 12 
42 38 to 4 4 10 to 13 
a erate 3 | 13to14 
3 to 5 2D, 13 to 15 
40 4to5 
5 
13 { 4 to 6 


The duration of the egg stage in bolls does not appear to differ 
greatly from that in squares. 


HATCHING. 


While still within the egg the larva can be seen to work its mandi- 
bles vigorously, and although a larva has never been seen in the act: 
of making the rupture which allows it to escape from the egg, it is 
believed that the rupture is first started by the mandibles. The 
larvee do not seem to eat the membranes from which they have escaped, 
but owing to the extreme delicacy of the skin it is almost impossible 
to find any trace of it after the larva has left it and begun feeding on, 
the square, the membranes having been found in only a few cases. 


HATCHING OF EGGS LAID OUTSIDE. 


It occasionally happens that a female is unable to force an egg into 
the puncture prepared to receive it and the egg is left on the out- 
ide of the square or boll (PI. III, fig. 9). Eggs so placed usually 
shrivel and dry up within a short time. To test the possibility of a 
larva making its way into a square from the outside, a number were 
protected from drying. Of the 19 eggs tested, 6 hatched in from 2 to 
3 days. In no case, however, was the young larva able to make its. 
way into the square and it soon perished. The hatching of eggs laid 
outside is of no importance, since the larve must perish without 
doing any damage. 


EATING OF EGGS DEPOSITED OUTSIDE. 


The number of eggs left outside increases as the female becomes 
weakened, and is especially noticeable shortly before her death. Re- 
peated observations have shown that unfertilized females normally 
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deposit their eggs on the outside, and only occasionally is an infertile 

_ egg deposited normally, though the attempt is regularly made to do 
so. The number of such eggs which may be found is greatly dimin- 
ished by the following peculiar habit, which was observed many times. 
Occasionally it appeared that the puncture which the female had made 
for the reception of an egg was too narrow to receive it, and after a 
prolonged attempt to force it down, the female would withdraw her 
ovipositor, leaving the egg at the surface. She would then turn ~ 
immediately and devour the egg. After that, seeming conscious of 
her failure and aware of the cause of it, she weuld proceed to find and 
enlarge somewhat the cavity previously made. When this was com- 
pleted she would attempt to place another egg therein. The second 
attempt was usually successful, but in one or two cases a female was 
seen to fail several times, and in more than half of these cases she ate 
the eggs, as has been described. 


PERCENTAGE OF ZGGS THAT HATCH. 


Definite records were not kept upon this point, but in the many 
hundreds of eggs followed during these observations very few failed 
to hatch, though some were much slower in embryonic development 
than were others laid at the same time and by the same female. It is 
the writer’s general impression that less than 1 per cent of the eggs 

-are infertile or fail to hatch. 


THE LARVA. 
DESCRIPTION. 


The young larva, upon hatching from the egg, is a delicate, white, 
legless grub of about 1 mm. (5 inch) im length. Except for the 
brown head and dark brown mandibles, the young iarva is at first as 
inconspicuous as the egg from which it came. As it feeds and grows 
it continues to enlarge a place for itself in the square or boll until 
the feod supply has become exhausted or the vegetable tissues are so 
changed as to be unsuitable for food. By this time, as a rule, the 
interior of the square has been almost entirely consumed and the larval 
castings are spread thickly over the walls of the cavity (Pl. I, fig. 10). 
This layer becomes firmly compacted by the frequent turning of the 
larva as it nears the end of this stage. In the cell thus formed occur 
the marked changes from the legless grub to the fully formed and 
perfect beetle (PI. I, figs. 4, 5, and 6). 

Throughout this stage the body of the larva preserves a ventrally- 
curved, crescentic form (Pl. I, fig. 4). The color is white, modified 
somewhat by the dark color of the body contents, which show through 
the thinner, almost transparent, portions of the body wall. ‘The dor- 
sum is strongly wrinkled or corrugated, while the venter is quite 
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smooth. The ridges.on the dorsum appear to be formed largely of fat. 
tissue. After becoming full-grown the larva ceases. to feed, the 
alimentary canal becomes emptied, and both the color and form of the 
larva are slightly changed. The dark color disappears from the inte- 
rior and is replaced by a creamy tint from the transforming tissues 
within. The ventral area becomes flattened, and the general curve of 
the body is less marked. Swellings may be seen on the sides of the 
thoracic region, and when these are very noticeable, pupation will 
soon take place. | 
GROWTH. 


Té is impossible to follow the growth of an individual larva without 
interfering so greatly with its normal conditions of life as to make the 
observations unreliable. It seemed more accurate to measure larve of 
approximately known ages. In these measurements the natural curve 
of the body was not interfered with, but the measurement taken across 
the tips of the body as curved. In this way it was found that in squares 
during the hot weather the length of the body increases quite regu- 
larly by abeut 1 mm. a day. Asit becomes cooler the daily growth 
is less. In bolls which grow to maturity the rate of growth is less 
and the length of the growing period is much greater. Full-grown 
larvee vary in length from 5 to 10 mm. across the tips of the curve. 
Larve of normal size in squares average from 6 to 7mm. The largest 
larvee are developed in bolls which grow to maturity (PI. III, fig. 13). 


MOLTS: 


To accommodate the rapid growth of the larva two or three molts 
oceur. The period of change from one instar or stage to the next is 
so short that the chances of opening a square at just the right time to 
observe the process are very small indeed. However, it has been ascer- 
tained beyond question that two molts eccur before the larva reaches 
half its growth. The first occurs at about the second day and the 
second at about the fourth day. Whether a third molt occurs 
before pupation can not be positively stated; but having eccasionally 
found larye which had certainly just td but which were much 
larger than the usual size at the second molt, the writer is led to sus- 
pect that three larval molts may sometimes, inoue possibly they do 
not always,.oecur. In bolls where the length of the larval stage is 
often three or four times as great as that. usually passed in squares it 
seems almost certain that more than two larval molts occur regularly. 
Counting only the first two molts which have been often found, a third 
occurs at the time the larva pupates. 


PROCESS OF MOLTING. 


_So little is known in regard to the molting of Curculionide that the 
process as observed is here recorded. In the cases observed, starting 
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at the neck, the skin split along the back, and was then pushed down- 
ward and backward along the venter of the larva. ee cast head 
shield remained attached to the rest of the skin. 

Immediately after casting the skin the head, as well as tie rest be 
the body of the larva, was of a pearly-white olen ‘The tips of the 
mandibles first became brown, and within a short time a yellowish 
brown color marked the entire integument of the head. : 


DURATION OF LARVAL STAGE. 


Most of the observations upon the larval stage were made between 
September 1 and December 15, 1902. The temperature prevailing 
during the first half of Septeniber was as high as is ordinarily experi- 
enced at Victoria during midsummer, and therefore the extremes of 
the average season may be considered as having been covered. : 

The time of egg deposition was easily determined by exposing unin- 
fested squares in breeding cages containing active females. The time 
of hatching of the larva could only be found by opening the square, 
and it was so ascertained. ‘The newly hatched larva was then placed 
in a small cavity made by lifting the covering on the side of a freshly 
picked square and removing one or two of the immature anthers. The 
coverings were then replaced as carefully as possible. Another dis- 
turbance was necessary to determine exactly the date of pupation. 
Observations made in this way were checked by others using larvee 
which were allowed to go from egg deposition to pupation under nat- 
ural conditions and without disturbance until the end of the larval 
stage was approximately reached. Since the sum of the times found 
for the various stages agrees approximately with the known duration 
of the immature period in cases where no disturbance of normal con- 
ditions occurred, we may conclude that the periods found for the larval 
stage were approximately correct. 

Altogether 266 observations were recorded upon the duration of 
this stage. The majority of the observations may be included in three 
groups, and when thus grouped they may be best considered in rela- 
tion to the effective temperature. Table V presents a brief summary 
of these groups: 


TaBLE V.—General results as to duration of larval stage in squares. 


Mean, | Average] nmmper| Average 
Period of examination. t 8 of obser-| range of 
empera-|tempera-| vations,| stage 
ture. ture. : | 
1902. Sree oH Days 
September 6 to.October'd.=. 20-2 ee eee eee ee eee eee 78.7 35. 7 195 6 to 9 
September 26-tovOctober:. 203 scape ne aeine eee een eee 73.6 30.6 15 CLOnke 
NovemberJ4-to, December?) -2. ahs ence eee eee 62.5 19.5 1:15 20 to 30 
1904. 


Fee-box. experiments... Joc Sede eds cases See e eee eee eee eee ee 69.0 26.0 88 11 to 14 


Bul. 51, Bureau of Entomology, U. S. Dept. of Agriculture. Plane lV. 


Fig. 14, Pupal cell broken open, exposing pupa within, enlarged to three diameters; figs. 15, 16, 
side and ventral views of pupa, enlarged to four diameters (original). 


Fig. 17, Four pupal cells from bolls (on left) compared with four cotton seeds (on right)— 
natural size (original). 
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During the heat of summer the larval stage requires approximately 
one week. This time appears to hold so long as the mean average 
temperature remains above 75° F. As the temperature falls below 
that point there is a gradual increase in the duration of this stage. 
The average total effective temperature required during hot weather 
by the larval stage is not far from 280° F. As development becomes 
retarded by colder weather the average total effective temperature 
required to complete it is much greater. | 

These facts may be expressed in general by stating that during the 
_ hottest summer weather the duration of this stage is somewhat less 
than one week. Development becomes slower as the temperature 
falls, but does not cease altogether so long as cotton can live. Even 
moderate frosts do not destroy larve in the squares and bolls, and 
these may finish development during warmer weather after the frost 
has taken place. Hard frosts appear to kill both larvee and pupee in 
squares and bolls. . 

The duration of the larval stage in bolls is as a rule much greater. 
If the boll falls when small the increase is slight, but if an infested 
boll grows on to maturity the larval stage more than any other is 
much extended. Special observations upon the larval stage in bolls 
have not been made, but reckoning from the known duration of the 
whole developmental period in maturing bolls we may conclude that 
the larval stage may frequently extend over six or seven weeks. 


PUPAL CELLS IN BOLLS. 


As the boll approaches maturity, the full-grown larva ceases to feed 
upon the drying and hardening tissues of seed and fiber. Its excre- 
ment, more or less mixed with lint, becomes firmly compacted, and in 
the drying which occurs the mass forms a ceil of considerable firm- 
ness, within which pupation and the subsequent transformation to the 
adult take place (PI. IV, fig. 14). These pupal cells frequently include 
a portion of the hull of a seed, but the writer has never found a large 
larva or a pupa entirely inclosed within a single cotton seed. The 
cells described are shorter and thicker than seeds, but in general 
appearance there is considerable resemblance between them (PI. IV, 
fig. 17). Doubtless these cells have misled some into the statement 
that they have found weevils in cotton seeds. 


PUPATION. 


The formation of the adult appendages has gone a good way before 
the last larval skin is cast. The wing pads appear to be nearly half 
their ultimate size. The formation of the legs is also distinctly 
marked, and the old head shield appears to be pushed down upon the 
ventral side of the thorax by the gradual elongation of the developing 
proboscis. Finally the tension becomes so great that the tightly 
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stretched skin is ruptured over the vertex of the head, and it is then 
gradually cast off, revealing the delicate white pupa. The cast skin 
frequently remains for some time attached to the tip of the abdomen. 


THE PUPA. 


When this stage is first entered the insect is a very delicate object 
both in appearance and in reality. Its color is either pearly or cream 
white. The sheaths for the adult appendages are fully formed at the 
beginning of the stage and no subsequent changes are apparent except 
in color (PI. IV, figs. 15 and 16). The eyes first become black, then — 
the proboscis, oa and femora become brownish and ee than 
the other parts. ; 

The final molt requires about thirty minutes. The skin splits open 
over the front of the head and slips down along the proboscis and 
back over the prothorax. The skin clings to the antenne and the tip 
of the proboscis till after the dorsum has been uncovered and the legs 
kicked free. Then by violently pulling upon the skin with the fore 
legs first the tip of the snout and then the antenne are freed, and 
finally the shrunken and crumpled old skin is kicked off the tip’ of 
the abdomen by the hind legs. 


DURATION OF PUPAL STAGE, 


The duration of this stage ismore easily determined than that of any 
other. It seemed to make little difference in the time whether the 
pupe were allowed to remain in the squares or were removed there- 
from. Considerable variation in the duration of this stage exists 
among individuals of the same generation and even between offspring 
of the same female and from eggs laid on the same day. The period) 
of investigation ranged from July to December, so that the extremes of, 
the season are included. Altogether 530 énserya were made 
upon this point. Nearly all of these are included in Table VI, which 
shows a summary of the: results. 


TasLE VI.—Tabular arrangement of observations upon the duration of pupal stage in 


squares. 
Range in Average | Total ef- 
Number een Average : a 
Period of examination. of obser- duration | guration ee Hoe “ 
eeicate of pupal sie ee! tempera- | tempera- 
By *| stage. SEE. | rere, ture. 
eRe RCT 
1902 
Jalan GtOsell Sora ercine toes ner Piecks ear epee G m eretee oe 161 2 to 5 3.19 89. 65 138.8 
September la toj\Oeloner 3 sesso eee ec eee 81 3 to: 7 5. 2 36. 05 187.5 
September 24 to October 2s : ois Sagens = 52 seca 167 4to 8 6.0 Siok 186.1 
MO WerthGE2 ola a faa oes ee ee eee 29 5 to 6 5.6 26.2 146.7 
Beceem Der 26725 eke foe Sao aiee pn ae 4 10 to 16 14.5 18.55 269.0 
1904. 
Experiments it ioe Moe 2. oo kee eee BE cet Cae mee 7.5 26.0 195.0 
otal ses Le eee ye Sena ae eee ee ee eo 530 2 POTG fos eects 2 a ere ee tee ees 
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It should be noted in connection with Table VI that the observations 
in November, 1902, were made during a period of rather warm weather 
and that the temperature records for that time are incomplete. It is 
likely that the average effective temperature given for that period 
_ might be different were the records complete. 

The average duration of this period during hot weather is from 
three to four days, and as the cool fall weather approaches the period 
increases to a maximum of about fifteen days. 

A comparison of Tables ILI, IV, and V shows that the decrease in 
temperature affects each stage in very nearly the same proportion. 
In each case the maximum recorded duration of any stage is abont four 
times. its minimum, and the great retardation in each case occurs 
somewhere between 60° and 70° IF’. of mean average temperature, or 
17° to 27° F. of effective temperature. Even greater retardation 
occurs during the winter season without killing the weevil after the 
larva has ame half grown. 

The duration of the pupal stage in large bolls has not been. deter- 
mined. It appears to be longer than in squares, but it certainly can 
not occupy the same proportional part of the entire developmental 
period that it does in squares. 


THE ADULT. 
BEFORE EMERGENCE. 


Immediately after its transformation from the pupa the adult is very 
light in color and comparatively soft and helpless. The proboscis is 
darkest in color, being of a yellowish brown; the pronotum, tibie, 
and tips of the elytra come next.in depth of coloring. The elytra are 
pale yellowish, as are also the femora. The mouth parts, claws, and 
the teeth upon the inner side of the fore femora are nearly black. 
The body is soft, and the young adult is unable to travel (Pl. III, 
fig. 12), consequently this period is passed where pupation occurs. 
Usually two or more days are required to attain the normal coloring 
and the necessary degree of hardness to enable the adult to make its 
escape from the square or cell. 


EMERGENCE. 


The normal method of escape from squares and small bolls is by 
cutting with its mandibles a hole just the size of the weevil’s body 
(Pl. V, fig. 20). In large bolls the escape of the weevil is greatly 
facilitated by the natural opening of the boll (Pl. V, fig. 19). Often 
the pupal cell is broken open by the spreading of the carpels, and 
when this is the case the pupa, if it has not already transformed, 
becomes exposed to the attack of enemies or, what is probably a more 
serious menace, the danger of drying so as to seriously interfere with 
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a successful transformation. If the cell remains unbroken the weevil 
always escapes by the path of least resistance, cutting its way through ° 
as in the case of a square (Pl. V, fig. 21). The material removed does 
not appear to be eaten, but is ae cast aside and left within the cell 

as a mass of fine jepaee ie 


CHANGES AFTER EMERGENCE. 


At the time of emergence the weevils are comparatively soft, and 
they do not attain their final degree of hardness for some time after 
they have begun to feed. If they never feed they never harden. 
The color of the chitin is of an orange tinge at the time the weevils 
leave the squares or bolls, but after exposure for some time it turns 
to a dark chocolate brown. The development of the hair-like scales 
is probably entirely checked by the drying of the chitin, but the 
darkening of the ground color makes the scales more apparent, and 
thus gives the impression of further development after emergence has 
taken place. 


DESCRIPTION OF ADULT.@ 


The general outlines of the body of the weevil are shown in Plate I, 
figures 1, 2, and 6. The color varies from a reddish-brown, in 
weevils which have just become adult and ‘left the squares, to a dark 
gray-brown, in weevils which have been exposed to the air for some 
time. Weevils which have developed in bolls are usually more yel- 


«The following technical description of this species is taken from the Revision of 
Genera and Species of Anthonomini Inhabiting North America, by Dietz, in Trans- 
actions of American Entomological Society, Vol. X VIII, p. 205. 

Anthonomus grandis Boh.—Stout, subovate, rufo-piceous and clothed with coarse, 
pale-yellowish pubescence. Beak long, slender, shining, and sparsely pubescent at 
the base; striate from base to the middle, striz rather coarsely punctured; apical 
half finely and remotely punctured. Antenne slender, second joint of funicle longer 
than the third; joints 3-7 equal in length, but becoming gradually wider. Head 
conical, pubescent, coarsely but remotely punctured, front foveate. Eyes moder- 
ately convex, posterior margin not free. Prothorax one-half wider than long; base 
feebly bisinuate, posterior angles rectangular; sides almost straight from base to mid- 
dle, strongly rounded in front; apex constricted and transversely impressed behind 
the anterior margin; surface moderately conyex, densely and subconfluently punc- 
tured; punctures irregular in size, coarser about the sides; pubescence more dense 
along the median line and on the sides. Elytra oblong, scarcely wider at the base 
than the prothorax; sides subparallel for two-thirds their length, thence gradually 
narrowed to and separately rounded at the apex, leaving the pygidium moderately 
exposed; strie deep, punctures large and approximate; interstices convex, rugulose, 
pubescence somewhat condensed in spots. Legs rather stout, femora clavate, ante- 
rior strongly bidentate, inner tooth long and strong, outer one acutely triangular 
and connected with the former at the base; middle and posterior thighs unidentate. 
Tibise moderately stout, anterior bisinuate internally, posterior straight; tarsi moder- 
ate, claws broad, blackish, and rather widely separate; tooth almost as long as claw. 
Long. 5-5.5 mm.; 0.20-0.22 inch. 


Bul. 51, Bureau of Entomology, U. S. Dept. of Agriculture. 
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WEEVILS ESCAPING FROM SQUARE AND BOLL. 


Fig. 18, Weevil in act of emerging from square; fig. 19, weevil in act of emerging from boll, 
tagged record attached; fig. 20, square showing emergence hole of weevil; fig. 21, unopened 
boll showing emergence hole of weevil: fig. 22, convenient cage used in breeding weevils 
in the laboratory; fig. 23, weevils feeding extensively on medium-sized boll—all except fig. 
22 reduced to two-thirds natural diameter; fig. 22 reduced to one-third diameter (original). 
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lowish in color than those from squares. The length, including the 
snout extended, ranges from one-eighth to three-eighths of an inch, 
with the breadth of the body equal to about one-third of its length. 
The snout is about one-half as long as the remainder of the body. Its 
diameter is equal to about one-eighth of its length. It is but slightly 
eurved (see Pl. I, fig. 2) and is of a shiny dark-brown color. The 
antenne, or ‘‘feelers,” are attached to the snout slightly nearer to its 
tip than to the base. The head is smalland conical in shape and partly 
covered by the following segment. This segment, the prcthorax, is 
about two-thirds as long as itis wide. The scales upon it are most 
numerous along the middle of the back and upon the sides. The sides 
through the middle half of the body are approximately parallel. The 
back is coarsely punctate, and the entire body is more or less thickly 
covered with hair-like yellow scales. These scales may become rubbed 
off, leaving the dark-brown color of the body more apparent. The 
legs are rather stout, the femur being club shaped, and bearing on the 
inner side at the thickest part a stout tooth. The fore pair alone have 
two of these teeth. (See Pl. X, figs. 40 and 41.) 

The size, shape of the body, color, and two teeth upon the forelegs 
are sufficient characters by which to separate, as a general rule, this 
species from the others commonly mistaken for it. (See p. 64, Pls. 
X, XI, and XII, figs. 40 to 57.) 


SIZE OF WEEVILS. 


Size of boll weevils is an especially variable quantity, and, as usual, 
varies almost directly in proportion to the abundance of the larval 
food supply and the length of the period of larval development. The 
extremes are so great that the smallest and largest weevils would be 
thought by one not thoroughly familiar with them to be of entirely 
different species. So far as dimensions may convey an idea of the 
size, we may say that the weevils range from 3 to 8 mm. (¢ to 3 inch) 
in length, including the proboscis extended, and from 1 to 3 mm. (¢5 
to ¢ inch) in breadth at the middle of the body. (See Pl. I, fig. 1.) 


RELATION OF SIZE TO FOOD SUPPLY. 


The smallest weevils are developed from squares which were very 
small, and which, for some reason, either of plant condition or of 
additional weevil injury, fell very soon after the egg was deposited. 
The supply of food was not only small, but also, owing to the imma- 
turity of the pollen sacs, its quality was poor. Normally squares con- 
tinue to grow for a week or more after eggs are deposited in them, and 
such squares produce the weevils of average size and color. 

The largest weevils are produced in bolls which grow to maturity. 
In them the food supply is most abundant, and the period of larval 
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development is several times as long as it is in squares. Possibly 


these differences in size may be better shown by a summary of 
observations which were made upon the weight of adults. 


WEIGHT OF ADULTS. 


The weevils used in these experiments were bred to insure their 
coming from the proper source. After emergence they were fed for 
some time to bring them up to their nor mal weight. 


TaBLe VII.—Summary of race of weevils. 


Average 


Source of weeyils. mia | se weight. 

Grain. 
Brediizem: picked small squares. joc 51k te ee eee eee eae ee 25 | 0,105 
Bred from average fallen squares.........-.-.- Loree peerees EUS esteem es tees ae eee 68 . 231 
Bredsirom saree Polis 22: ses Aa ees 2 DS ee ee eee eee eee 69 268 
ot Mg) Rg ete” Se, Saat rf a Nepean aN eM gM ENNIS, HBL Sipccitin oeenee eee See 162 36. 825 
Average weight per weevil ail SOUTEES ...2. 2.2 cleo acc ee ose en oer ee eee Reef 


It should be noted that these figures do not nearly represent the 
weight of the extremes in size, but they do indicate the difference in 
the average weevil of each oa 


COLOR. 


Color is very often a variable character in insects, and the boll 
weevil presents considerable range in this respect. Whatever influ- 
ences the size of the larva affects directly the size of the adult, and it 
is noticeable that weevils of the same size are also, as a rule, closely 
alike in color. In general, the smaller the size of the weevil the 
darker brown is its color; the largest weevils are light yellowish 
brown. Between these two extremes are the majority of average- 
sized weevils, which are either of a gray-brown or dark yellow-brown 
color. Weevils developing in large bolls, having an abundant food 
supply and a developmental period averaging more than twice that 
of weevils in squares, are larger in size and more yellowish in color 
than are those from squares. 

The principal reason for the variation in color lies in the degree of 
development of the minute hair-like scales, which are much more 
prominently developed in the large than in the small specimens, 
although the color of old specimens is often changed by the rubbing 
off of the scales. The scales are yellow in color, while the ground 
color of the chitin bearing them is a dark brown or reddish brown. 
When the scales are but slightly developed, as seems to be the case 
with small weevils produced from underfed larve, the dark-brown 
ground color is predominant, while in the case of large weevils pro- 
duced from larve having abundant food and a long period of devel- 
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opment the scales are largely produced and give the strong yellow 
tone to the color which is characteristic of them. 

The development of the scales appears to take place mostly after 
the adult weevil has become quite dark in color but before it becomes 
‘fully hardened. They seem, therefore, to be a sort of nonessential 
aftergrowth which depends upon the surplus food supply remaining 
after the development of the essential parts of the weevil structure. 


SIZE AND COLOR NOT INDICATIVE OF SEX. 


Eminent coleopterists have studied the boll weevil most carefully 
with the purpose of discovering some external character by which the 
sexes could be distinguished, but all have failed to find any reliable 
points of distinction. The writer therefore does not hesitate to own 
that he also has failed to find any reliable character for the distinction 
of the sexes. Many persons have the idea that the small dark weevils 
are males and the larger and lighter-colored brownish-yellow weevils 
are females. This idea is a mistaken one. In general it is probably 
true that the males are slightly smaller than the females, but judging 
from determinations of the sex of many hundreds of weevils, it may 
be stated positively that size and color are characters which are 
related to food supply and length of the period of development and 
are not indications of sex. The sexes seem to be about equally rep- 
resented among the smallest as well as the largest weevils. 


SECONDARY SEXUAL CHARACTERS. 


_ Characters commonly used to separate the sexes in the family Cur- 
culionide are not always distinctive in this species. As a rule the 
antenne are inserted nearer the tip of the snout in the male than in 
the female. This character is variable among boll weevils; and though 
a large number of accurate measurements might show that a slight 
difference generally exists, it is too inconspicuous a character to be of 
general use. With most species the top of the rostrum of the male is 
rougher than is that of the female. However it may be with other 
species, there is but little if any difference in this respect between the 
young adults of the boll weevil. As the individuals become older 
the greater activity of the females serves to wear the roughness from 
the top of the rostrum, and thus gradually, as a result of different 
habits, this character becomes more distinctive. In less than half of 
the boll weevils, however, is this character sufficiently noticeable to 
separate the sexes. The terminal segment of the abdomen shows no 
external difference in either sex, although in many weevils important 
characters are there found. 


PROPORTIONS OF THE SEXES. 


No reliable secondary sexual characters having as yet been discov- 
ered, the certain determination of sex therefore rests solely upon the 
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primary characters, thus requiring a certain amount of dissection in. 
each case. Such determinations have been made upon large numbers 
of weevils taken in the field and upon many bred _ in the laboratory at 
various seasons of the year. The results are briefly summarized in 
Table VIII: 3 | 


TaBLe VIII.—Proportions of the sexes. 


| Nuaes uber 


re) of - 
| males. | females. 


Season-of 1902) both bred and ‘from fields. s.. 5.2.2 .sckcaces aw ameetiow amen cee 240 260 


Hibermatedtweevils 1902-32026 ace nk enea sac wan sccm Seah obacee 2 Sener ae 269 174 
Pirsieemera tions 1903 2s sauss so acasoecae oe seas was sae ws sie oe eee eee ain Sk Sees 43 32 
IBTCOSWeCVIISs 1908 25 <cer cw satec a ee ae tm wee ae cirisis Ske Se a UR ne ae eee 45 
Field weevils, midsummer, 19034752422. 2 Se eas. cee pe Sek eee ae eee eee 52 _ 59 
Weevils taken in hibernation, January to March, 1904.................-...---.--- 201 159 
Weevils collected before hibernation, 1903, and after emergence from hiberna- 
tion, 1904.2... sila hsnln we iesyatavortese Sea ayia andr er eywieie io eames os aan uma fe eet ote este Reo a aa ter 599 338 
otal. ot cc Peo ses SoS oe aiaw ee ea ee eae Oe oe ee ee 1, 449 1, 055 


From these 2,504 determinations it appears that males are some-. 
what more numerous than females, the percentage being nearly 58 of - 
males to 42 of females. It is noticeable, however, that the only © 
season at which a preponderance of males occurs is during late fall. 
If we exclude the figures for hibernated weevils for a moment, we find 
that the totals for the balance of the season are remarkably close for 
the two sexes, being 380 males and 384 females. It seems safe to say, 

therefore, that the sexes are practically equal in numbers except that 
more males than females seem to be found among hibernating weevils. 
It has been shown by breeding experiments conducted at low tempera- 
tures that the retardation of development, such as is due to approach- 
ing cold weather, favors the development of males. Not only was 
there a larger number of males than of females taken in December, 
1902, but there were also more males than females taken in the field in 
the spring of 1903 among the hibernated weevils which lived through 
the winter. According to the determinations made, 64 per cent of the 
259 weevils dying during the winter were males and 56 per cent of the 
_weevils living through the winter were also males. Considering only 
weevils taken during or near hibernation time, it seems that during 
that period over 61 per cent are males and 39 per cent are females. 
Since it appears that females require fertilization in the spring before 
they begin to deposit eggs, the preponderance of males at that. time 
acts as a provision to insure the propagation of the species. 


DURATION OF LIFE UPON SQUARES. 


The observations made along this line may be divided into eight 
groups, each dealing with some special food condition or class of 
weevils. For the confinement of weevils in the laboratory the most 

satisfactory apparatus tried, both for convenience in handling and for 
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the maintenance of favorable conditions for the weevil, was made up 
as follows: A 4 or 5-inch shallow earthen saucer, such as is used with 
flowerpots, was filled with soil, which was kept fairly moist. Over 
this was placed a fresh cotton leaf, which conserved the moisture from 
the soil, but never became wet, and kept both weevils and squares 
clean, besides facilitating the handling necessary to frequent renew- 
als of the food supply and the consequent transference of the weevils. 
The rest of the cage was formed by an ordinary lantern globe covered 
at the top by cheese cloth held firmly in place by a rubber band. With 
this apparatus weevils could be readily observed without disturbing 
them, and food supplied was kept in good condition and could be 
easily renewed, while there were no cracks to hide in or to allow 
weevils to escape (Pl. V, fig. 22). The moisture of the soil and fresh 
leaf covers were renewed as needed. Clean squares were supplied 
each day, and the actual number of egg and feeding punctures recorded 
upon numbered slips kept with each cage. The sex of each weevil 
was also determined and noted upon its death, thus giving an accurate 
record of the number and sex of weevils responsible for the punctures 
recorded. Most of the weevils used were bred, so that the exact 
period of their lives is known. Duration of life Hes only to adult 
life from the time of emergence from the square or boll to the death 
of the weevil. Many weevils brought in from the field were under 
observation in the laboratory for periods sufficiently long to justify 
the inclusion of the results obtained from them with those of weevils 
which were bred. Obviously the time these were under observation 
does not represent their true length of life; therefore the inclusion of 
both results renders the averages obtained the more conservative. 


TaBLE 1X.—Duration of life of weevils upon squares. 


Males. Females. 
Number. | 4Y€T@8e | Number, | “Verase 
days. ‘| days. 
Weevils placed in hibernation Dec. 15, 1902; living Apr. 15, 
BUSBY Races PE ice DAPI ae ce Oe Sn Ee ee Ie ne ee 23 180 14 171 
Hibernated weevils taken spring, 1903; estimated adult Dec. 
are GODS ree te eee Sete asics elas Se One eae amos oie ce Bice we wntepeen 66 223 53 220 
Hibernated weevils, from time of feeding in 1903 ............ { a eh Bs a 
Fiist generation, bred ..........--.--- NEL as 9 Ean Veneers 30 58 25 56 
AINA CHE TAUION | DVCG) 20 Hijo olan aioe Sauer aise ke arora wioe waclee 18 43 10 54 
Mahim seneLavion...WLEG 55 2 2s). Sank cae schist Sane ceee ee bodes 9 76 9 54 
Totals and weighted averages, including hibernation period. 146 | 151 111 ~ 148 
Totals and weighted averages, not including hibernation 
CLOG ater ia ne, Ae cit he cea UN Ne es oboe 147 71 112 64 
Entire duration of life, hibernated weeyils only.............. 89 212 67 210 
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Whether we include the time of hibernation or not, it appears from 
the averages of 156 hibernated weevils that those which winter suc- 
cessfully are longer lived than any following generation, as their active 
life in spring averaged fully 80 days for males and 70 for females. 
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Probably the greater activity of the first generation may aceount for 
their somewhat shorter life. The average active life period for all 
generations is probably not far from 71 days for melee and 64 | days 
for females. 

DURATION OF LIFE ON BOLES ALONE, 


_ As weevils appear to feed freely on bolls in the field after the period 
of maximum infestation has been reached (PI. V, fig. 23), these tests — 
were made to determine whether they might be alile to live normally 
with no other food. | : 
A number of weevils were placed upon boils as scon as they became 
adult. Others which had first been fed upon squares were given bolls 
after they had become hard and had shown themselves to be in a nor- 
mally healthy condition. Of the total 37 weevils thus tested, 16 were 
males and 21 were females. The males showed an average duration of 
life of 19.7 days, while the females survived for only 15.2 days. This 
is amuch shorter period than the normal period of life upon squares 
for either sex. There are also indications that the production of eggs 
dees not continue normally when bolls alone are accessible for food. 


DURATION OF LIFE ON COTTON LEAVES ALONE. 


To determine whether they could live upon the foliage of cotton 

_ alone 69 newly transformed weevils were at. the Ist of October, 1902, 
placed upon fresh leaves, which were renewed at frequent intervals. 
During the first three weeks 52 of these weevils (21 male and 31 female) 
died, leaving 17 alive and well; 11 of these were then returned to 
squares and 6 continued upon the leaves. Of these 6, 3 lived to be 
81 days old and were then intentionally killed for dissection. The 
average duration of = of those kept entirely upon leaves was over 
30 days. 

+ In another test 310 weevils were placed upon leaves alone during 
October, 1904. Seventy-four per cent of these died in less than 10 
days, while 7.4 per cent lived for an average of over 38.3 days, when 
they were placed in hibernation. Ina check experiment on 42 wee- 
vils, 43 per cent died in less than 5 days, and 24 per cent lived for an 
average of 36 days. As in the preceding experiment, a large propor- 
tion died within a few days. Among those surviving the first critical 
period, 31 per cent of those on foliage lived to an average age of 38.3 
days, and 42 per cent of those on squares lived to an average age of 
35.9 days. Itappears, therefore, that leaves alone are very efficient in 
sustaining life late in the fall, as well as early in the spring (see p. 54). 
These results show clearly the ability of many of the weevils to live 
upon foliage alone in the fields in which fall grazing is practiced until 
it becomes sufficiently cold for them to go into winter quarters (see 
Pl. VI, fig. 24). 
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DURATION OF LIFE WITH SWEETENED WATER AND WITH MOLASSSS. 


So much has been said about the attraction of molasses for the 
weevils that tests were made with a cheap grade of molasses diluted 
with from 20 to 25 parts of water to see whether this solution really 
served them as food. The weevils used were just adult and had taken 
no other food. They fed quite readily upon the solution, remaining 
quietly with their snouts in the water for from a few minutes to an 
hour and a half ata time. The solution did not seem to draw them 
from any distance, but as scon as a weevil came to it, it would stop to 
drink. Feeding or drinking took place daily or oftener until the 
death of the weevils. The average duration of life for the 12 weevils 
used was a little less than 6 days. 

As weevils without food but with water lived an average of 53 days, 
the conclusion is that a solution of molasses 1 to water 25 parts does 
not serve the weevil as food, since it does not noticeably prolong life. 

Six weevils just emerged kept upon undiluted molasses showed a 
greater period of life, these dying at an average age of 11} days. 


DURATION OF LIFE WITHOUT FOOD, BUT WITH WATER. 


These observations were made during August as a check upon those 
without water. The 8 weevils used were just adult and had never 
fed. Each weevil drank for one or two minutes at least once each 
day so long as it lived. All died at nearly the same time, having 
lived for an average of about 5} days. As those without water lived 
an average of 5 days, it appears that access to water in the absence 
of food does not materially prolong the life of the starving weevils. 


DURATION OF LIFE WITHOUT FOOD CR WATER. 


Three series of observations were made along this line. In the first 
series the weevils used were taken immediately after emergence and 
never allowed to feed.. Fifty weevils were tested in this way during 
July and August and showed an average period of life of 5 days from 
the date of emergence. <A few lived as long as 8 or 9 days. These 
never acquired as dark a color nor as great a degree of hardness as 
is normal. 

In the second series the 15 weevils used were 7 wecks old and full 
fed at the time of beginning the test. These showed an average dura- 
tion of life of slightly over 6 days, the range baing from 5 to 9 days. 
These weevils were tested during the latter half of November, and the 
lateness of the season, together with the full-fed condition of the 
weevils, seemed to promise a considerably longer period than 6 days. 

In the third series the 18 weevils used were 1 month old and full-fed 
at the beginning of the test in the middle of November. The condi- 
tions in this series were as in the series preceding, with the exception 
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that an abundance of two species of grass taken from cotton fields was 
included. These weevils showed an average duration of life of nearly 
Tz days, ranging from 3 to 10 days. The weevils made no effort to 
feed upon the grass, so the slightly longer life period must be due to 
other causes. 


CANNIBALISM. 


It is hardly proper to speak of cannibalism as a food habit of the 
boll weevil, but the facts observed may well be recorded here. Under 
the impulse of extreme hunger weevils have several times showed a 
slight cannibalistic tendency. 

Seven beetles were confined in a pill box without food. On the 
third day 6 only were alive. Of the seventh only the hardest chitin- 
ized parts (head, proboscis, pronotum, legs, and elytra) remained, the 
softer parts having been eaten by the survivors. 

In another box containing 12 adults the leaf supplied for food was 
insufficient, and on the fourth day 8 were dead, 4 were partly eaten, 
and others had lost one or more legs each. 7 

In another case a few young adults and a number of squares con- 
taining pupz were placed in a box together with a few fresh squares 
to serve as food for the adults. When the box was opened after a 
number of days, one ‘‘reddish-brown” adult was found having its 
elytra eaten through and most of its abdomen devoured. In spite of 
- this mutilation the victim was still alive and kicking slowly. The 
squares were still fresh and fit for food, so that this is really the 
clearest case of cannibalism observed. . 

Frequently more than one larva hatches in a square, and when this 
is the case a struggle between them is almost certain to take place 
before they become full grown. Many cases have been observed in 
which squares contained one living and one or more smaller dead 
larvee, while in a few cases the actual death struggle was observed. 


FOOD HABITS. 


Among the habits of any insect of economic importance, the first 
for careful study are those relating to its food, and the second, those 
connected with its propagation. The study of the life history of the 
boll weevil has revealed no especially vulnerable point, but rather the 
important fact that in all its stages it is better protected against the 
attacks of enemies and the ordinarily effective remedies recommended 
by the economic entomologist than any other insect which has ever 
threatened the production of any of the great staple crops of this 
country. Naturally, then, we must needs turn to a study of the habits 
of the pest to point the way to means by which either it may be itself 
destroyed or its great destructiveness. ue evented. 


Bul. 51, Bureau of Entomology, U. S. Dept. of Agriculture. PLATE VI. 


VARIOUS RESULTS OF LARVAL WORK. 


Fig. 24, Leaf fed on extensively by weevils in confinement; fig. 25, full-grown larva in square 
ready to bloom; fig. 26, full-grown larva in square of usual size; fig. 27, larva full grown, 
ovary in square entirely destroyed: fig. 28, larva full grown, ovary untouched—all reduced 
to two-thirds natural diameter (original). 


Bul. 51, Bureau of Entomology, U. S. Dept. of Agriculture. PLaTeE VII. 


VARIOUS EFFECTS OF WEEVIL ATTACK. 


Fig. 29, Boll showing two locks destroyed by one larva; fig. 30, weevil in act of forming an egg 
puncture; fig. 31, square riddled by feeding punctures: fig 32, bloom distorted by many feeding 
punctures made when about to open, fig 33. comparison of flared square with normal square— 
all reduced to two-thirds natural diameter (original). 
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LARVAL. 


It is plainly the intention of the mother weevil to deposit her egg so 
that the larva upon hatching will find itself surrounded by an abun- 
dance of favorable food. In the great majority of cases this food con- 
sists principally of immature pollen. This is the first food of the 
larva, which develops in a square, and it must be both delicate and 
nutritious. Often a larva will eat its way entirely around the inside 
of a square in its pursuit of this food. In most cases the larva is about 
half grown before it feeds to any extent upon the other portions of 
the square. It may then take the pistil and the central portion of the 
ovary, scooping out a smoothly rounded cavity for the accommoda- 
tion of its rapidly increasing bulk ¢PIl. I, fig. 4; Pl. ILI, fig. 10; Pl. 
VI, fig. 25). So rapidly does the larva feed and grow that in rather 
less than a week it has devoured two or three times the bulk of its 
own body when fully grown. It sometimes happens that the square 
is large when the egg is deposited therein, and the bloom begins to 
open before the injury done by the larva becomes sufficient to arrest 
its development. In many cases of this kind the larva works its way 
up into the corolla and falls with it when it is shed, leaving the young 
boll quite untouched (PI. VI, fig. 27). Occasionally the flower opens 
and fertilization is accomplished before any injury is done the pistil, 
and in rare cases a perfect boll results from a truly infested square. 
Sometimes the larva, when small, works its way down into the ovary 
before the bloom falls, and in such cases the small boll falls as would 
a square. 

In large bolls the larvee feed principally upon the seed and, to some 
extent, upon the immature fiber. A larva will usually destroy but 
one lock in a boll, though two are sometimes injured (PI. VU, fig. 29). 
When the infestation is severe a number of weevils, occasionally as 
many as six or even more, may be developed in a single boll, which is - 
completely destroyed by the feeding of the larve. 


ADULT. 


Before escaping from the square the adult empties its alimentary 
canal of the white material remaining therein after the transforma- 
tion. The material removed in making an exit from the cell is not 
used as food, but is cast aside. Weevils are ready to begin feeding 
very soon after they escape from the squares or bolls in which the 
previous stages have been passed. For several days thereafter both 
sexes feed almost continuously, and seem to have no other purpose in 
life. They will take squares, bolls, or leaves, but they much prefer 
the squares, and when squares are present in the field it is probable 
that leaves are seldom touched. As has been shown, however, weevils 
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can live for a long time upon leaves alone when squares and bolls are 
wanting. Bolls are only slightly attacked so long as there is an 
abundance of clean squares. 

The method of feeding is alike in both sexes. The mouth parts 
are very fiexibly attached at the tip of the snout (fig..2) and are 
capable of a wide range of movement. The head fits smoothly inte 
the prothorax like the ball into a socket joint and is capable of a con- 
siderable angle of rotation. The proboscis itself is used as a lever in 
prying, and helps to enlarge the puncture through the floral envelopes 
especially. Feeding is accomplished by a combination of movements. 
The sharply toothed mandibles serve to cut and tear, while the rota- 
tion of the head gives the cutting parts an auger-like action. The 
forelegs especially take a very firm hold upon the square and help 
to bring a strong pressure to bear upon the proboscis during certain 
portions of the excavating process. The outer layer of the square, 
the calyx of the flower, is naturally the toughest portion that the 
weevil has to penetrate, and only enough is 
here removed to admit the snout. After that 
is pierced the puncture proceeds quite rapidly, 
combinations of chiseling, boring, and prying 
movements being used. While the material 
removed from the cavity is used for food, the 
bulk of the feeding is upon the tender, closely 
compacted, and highly nutritious anthers or 
pollen sacs of the square. When these are 

ESTP reached the cavity is enlarged, and as much is 

Fic. 2Mexican cotton boll eaten as the weevil can reach. The form of 

een ee atone wt the entire puncture becomes finally like that 
middie and mandibles of a miniature flask. 7 

- Baek much enlarged Only after weevils have fed considerably do 

sexual differences in feeding habits begin to 

appear; from this time on the females puncture mainly the base and 

the males the tip of the square. 

Feeding punctures are much larger and deeper than are those made 
especially for the reception of the eggs (PL. III, fig. 8); more material 
is removed from the inside of the square or boll and the opening to 
the cavity is never intentionally closed. Feeding punctures are most 
frequently made through the thinner portion of the corolla not covered 
by. the calyx. The exposed tissue around the cavity quickly dries 
and turns brown from the starting of decay. Asa number of these 
large cavities are often formed in one square (Pl. VII, fig. 31), the 
injury becomes so great as to cause the square to flare immediately, 
often before the weevil has ceased to feed upon it. Squares so 
severely injured fall in a very short time. The injury caused by a 
single feeding puncture is often overcome by the square which con- 
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tinues its normal course of development. When feeding punctures 
are made in squares which are nearly ready to bloom, the injury com- 
monly produces a distorted bloom (PI. VII, fig. 32) and in very severe 
eases the boll will drop soon after setting. 

After the females begin to oviposit their feeding habits become 
quite different from those of the males. Up to this time both sexes 
move but little, making a number of punctures in a single square; 
but from this point we must consider the feeding habits of the sexes 
separately. 


MALE. 


Studies of the feeding habits of males have been made both in the 
laboratory and out of doors. In the laboratory 65 males were under 
observation during a total period of 2,492 weevil-days.* During this 
period 2,185 squares were supplied them and they made 5,617 feeding 
punctures in 1,582 of thesesquares. A little calculation shows that they 
averaged to make 34 feeding punctures in each square, at the rate of 24 
punctures a weevil each day. These observations were in most cases 
made during the latter part of each weevil’s life. During the first few 
days they have often been found to make from 6 to 9 punctures a day. 
A general average of 3 feeding punctures a day in the laboratory 
would seem to be near the actual figures during the warm weather. 

As each male while under observation attacked only about 2 squares 
every 3 days, the destructiveness of males seems comparatively slight. 
As will be seen in the following paragraph, the injury done by males 
in the field is not greater than that indicated by the laboratory obser- 
vations. 

Five males were followed upon plants under a field cage for a total 
period of 145 weevil-days. During this period they attacked 68 
squares, making therein a total of 177 feeding punctures. This 
means an average of 2.6 punctures per square and an average of 1.2 
punctures per male per day, making the number of squares attacked 
by each male less than 1 every 2 days. These outdoor observations 
indicate that the laboratory results, small though they appear, are 
yet higher than the actual field numbers. Whether in or out of 
doors, the activity of feeding decreases as the male grows older. 

Males choose to puncture more often than do females through the 
tip portion of the square not covered by the calyx. The yellow or 
orange-colored excrement is abundant, and owing to the somewhat 
sedentary habits of the males it accumulates often in quite large 
masses, so that it is often possible to tell whether a square in the field 
has been attacked by a male rather than a female weevil. 


«The term ‘‘weeyil-day’’ is used for convenience to designate the product of the 
_ two factors: number of weevils multiplied by the number of days. 
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FEMALE. 


After they begin to oviposit females seem generally to feed less 
upon one square or in one puncture than they do previous to that 
time. They obtain quite a considerable portion of their food from 
the excavations which they make for the deposition of their eggs, and 
as they show a strong inclination to oviposit only in clean or pre- 
viously uninfested squares, their wandering in search of such squares 
keeps their punctures scattered so long as plenty of clean squares can 
be found. When clean squares become searce, the normal inclination 
can not be followed out, and the number of punctures made in one 
square will be greatly increased. Most of the special feeding punc- 
tures of females appear to be made either in the early morning or 
near sundown, the middle and warmest portion of the day being 
given mainly to egg deposition. The total amount of feeding is is 
really very large, as is shown by a few figures. 


MALES AND FEMALES TOGETHER. 


During the season of 1903 a large number of weevils were kept in 
the laboratory for special study, but as several weevils were confined 
in each cage, the work of the sexes can not be positively separated. 
A comparison of the results can best be made by means of a tabular 
arrangement of the figures. 


TaBLE X.—Number of punctures per weevil per day. 


Average. 
eft Number Feeding Egg 
page eee of sh raat of fe- ieee Feeding Egg punc- pune- /Period of 
: ‘| males. faa punc- pune- | tures per! tures per | observa- 
bl tures. tures. weevil- | female- tion. 
day. day. 
Hibernated weevils Days. 
in laboratory....-...- 5d 54 | 4,938 17, 406 5, 702 3.5+ 2.3+ 45.3+ 
Hibernated females 
i teldiGages passe |Se eee ose. 4 93 284 489 3.0+ 5. 3-- 23. 3— 
Weevils of first gener- 
ation in laboratory - 31 2h No B28 16, 487 38, 565 5.0+ 2.4— 56. 2— 
Females, first gener- 
ation, mifield! Cages: 32-2... : 5 70 263 435 3. 8— 6.2+ 14,0 
Maies only, labora- 
tory, summer of 1903. Ope ee ee oe. 2, 492 Gl iat aera as ae 253" | see eee 38.3+ 
RO tes. 5 ae eee ial | 90 | 10, 851 40, 057 10; 191, } 22... 2.28. ee eee eee 


FEEDING OF HIBERNATED WEEVILS ON EARLY COTTON. 


During the period in which hibernated weevils were coming from 
their winter quarters and seeking their first food, frequent examina- 
tions were made in fields where the cotton was most advanced to learn 
the first-food habits of such weevils. From statements made by pre- 
vious investigators the writer is led to believe that the season of 1903 
at Victoria was abnormal in respect to the small number of hiber- 
nated weevils which were to be found upon the young cotton in the 
field. The most careful search failed to discover more than a very 
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few weevils, whereas at the same season in some years hibernated 
weevils have been picked in large numbers from the young cotton 
erowing in the infested territory. At Victoria in 1904 hibernated 
weevils were many times as numerous as in 1903. 

Whether there be few or many hibernated weevils, however, makes 
no difference in their feeding habits. The stage of the cotton at the 
date of emergence determines largely the nature of the food habits at 
that time. Owing to the extremely wet winter and the very late 
spring of 1908, little cotton could be planted until the latter part of 
March or ‘the first part of April. In 1904 much cotton planted in 
- March in the southern part of the State did not break ground until 
the latter part of April owing to the dryness of the soil from lack of 
spring rains. In such cases as these, therefore, cotton must be small 
at the time of the emergence of many of the weevils from hibernation, 
and some time must elapse before the formation of the first squares 
furnishes the early weevils with the normal food supply. During this 
interval the weevils get their food from the tender, rapidly growing 
terminal portions of the young plants, as several observers have noted. 
The central bud, young leaves, or the tender stems are attacked, and 
upon these the weevils easily subsist until the squares are developed. 

In 1896 Mr. Marlatt noted: ‘‘ The eating in the field on volunteer cot- 
ton is practically confined to the young expanding leaves at the bud 
and to the tender petioles or stems of this portion of the plant.” 


TIME HIBERNATED WEEVILS CAN EXIST ON FOLIAGE BEFORE FORMATION 
OF SQUARES. 


The suggestion has been frequently made that by delaying the 
planting of cotton until late in the spring the weevils emerging from 
hibernation might all starve to death before the cotton would be in 
condition to furnish them with a food supply. In regard to this 
suggestion, several factors must be considered. | 

(1) The average period of emergence from hibernation in localities 
where observations have been made may extend from some time in 
March, frequently as early as the middle of the month, to the very 
last of May, or possibly the first of June. It is impracticable to delay 
the planting of the crop until the first of June. In the northern por- 
tion of the State this late planting would not allow a sufficiently long 
season for the development of the crop before early frosts occur in 
the autumn. In the southern portion of the State the occurrence of a 
considerable amount of seppa® or stubble cotton would furnish the 


a *‘Seppa’’ is the term used by Mexican residents of south Texas to differentiate 
the cotton plants springing from the roots of the previous year from those strictly 
‘‘volunteer,’’ springing from-accidentally scattered seeds. ‘‘Stubble’’ and ‘‘stump- 
age’’ are other terms similarly applied to second-year growth of cotton, and have the 
same meaning as ‘‘seppa.”’ 
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weevils with a sufficient food supply and defeat the very purpose of 
delaying planting. 

(2) The period from the time the cotton breaks ground until ies 
formation of squares begins varies considerably, but in igs may 
be considered as averaging about six weeks. 

(3) A large number of observations have shown that many Seller tlo 
will, under ordinary conditions, emerge from hibernation after the . 
enaon has broken ground, but ie the formation of squares begins. 
These weevils experience little difficulty in living upon the cotton 
foliage through a period of at most six weeks. The observations made 
relate especially to Victoria, but will naturally apply to points farther 
south. During mild winters the weevils become active through inter- 
vals of warm weather, and may be found moving about on the cotton 
plants as though seeking food, and these weevils would undoubtedly 
feed at such times if food were available. Under these same condi- 
tions, however, a large majority of the hibernating weevils will not 
emerge until from five to eight weeks after the growing season of cot- 
ton begins. During severe winters and in the northern portion of the 
State, the immature stages appear to be killed in the squares and bolls 
during the winter, so that only those which hibernate as adults sur- 
vive. Those adults which are most exposed probably perish also, and 
naturally those which are best protected against the cold will also be most 
protected from the heat during the spring, and, ther efore, emerge late. 
Late planting, therefore, delays the crop and wens gives the hibernated 
weevils an advantage. 

To make the laboratory tests as severe as possible, weevils were 
taken from hibernation very early in. the spring, the dates ranging 
between January 23 and April 5, 1904, averaging March 23. Alto- 
gether 110 weevils were used. The food supply consisted entirely of 
the terminal portions of cotton stems, which were replaced by fresh 
tips at frequent intervals. Under these conditions one-half of the 
weevils under observation died in a little over six weeks, the average 
length of life being really forty-five days. A number of individuals 
continued active for more than three months. These tests showed 
that even under most unfavorable conditions fully one-third of the 
hibernated weevils might be expected to live for a period of time 
longer than that usually occurring between the planting of cotton and 
the first formation of squares. 


CONCENTRATION OF WEEVILS UPON MOST ADVANCED PLANTS. 


The earliest plants in the field ultimately attract most of the weevils, 
and where seppa plants occur they may serve as traps to draw the first 
attacks. Thus, in the spring of 1895, Mr. E. A. Schwarz found the 
first emerged hibernated weevils working upon seppa plants which 
had sprung from 92-year-old roots. These plants, having their root 
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systems well established, start earlier and grow more vigorously than 
do those from seed, and are therefore doubly tempting to the hungry 
weevils that emerge early in the spring. In the spring of 1903 in one 
field of comparatively early cotton, 2 or 3 acres in extent, the writer 
found, between April 24 and May 11, 23 weevils working on the buds 
_and tender leaves of seppa plants before a single weevil was found on 
the young planted cotton having from four to eight leaves. At 
Victoria early in June, 1902, Mr. A. N. Caudell found, in examining 
100 seppa plants, growing in a planted field, that fully one-half of the 
squares upon these plants were then infested. The planted cotton 
- was just beginning to form squares, and was slightly injured at that 
time. _ : 

It appears, therefore, that seppa plants, where such exist, receive 
a large part of the first attack of the hibernated weevils. Several 
reasons may be given in explanation of this condition. These plants, 
often appearing above the ground before the planted cotton, naturally 
draw the earliest weevils, and as the movement of the weevils is very 
slight at this time of the year, these weevils may very certainly be 
found upon those plants where they find favorable food. In the 
natural process of selection, the largest and most advanced plants 
would naturally be expected to draw the attack of a large proportion 
of the weevils which might emerge, even after the planted cotton had 
broken ground. Itis by no means certain, however, that all hibernated 
weevils may be found upon these early plants. The comparatively 
small number of seppa plants makes it an easy matter to examine 
them with much more care than can be given to the large number of 
small plants. A number of observations have shown that weevils fre- 
quently occur upon the planted cotton even when numbers of vigor- 
ous seppa plants may be found within a comparatively short distance. 

It has been conclusively shown that the first squares do not exert 
~ any such strong power of attraction to the weevils as has been hereto- 
fore supposed. Weevils which have fed upon the tender tips of plants 
seem perfectly satisfied with their food supply, and it is quite evident 
that their first meal upon squares is more the result of accident than 
intention. After having begun to feed upon squares, however, it 
appears that their taste becomes so fixed that they normally seek for 
squares. It has been found that females do not develop eggs until 
squares have been fed upon for a period of several days. They have, 
therefore, no especial impulse to seek squares for the purpose of ovi- 
position, which has hitherto been considered their prime motive in 
their early spring movement. The concentration of the weevils upon 
plants having squares takes place very gradually. Opportunities for 
observations at Victoria during the spring of 1904 were exceptionally 
favorable, and it was found that many weevils still remain upon plants 
not having squares for fully six weeks after numerous plants growing 
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in the immediate vicinity had begun to form squares. These observa- 
tions were very conclusive, and were sufficient to prove the ineffective- 
ness of trap rows, even under the most favorable conditions. | 


ARE WEEVILS ABLE TO LOCATE A FOOD SUPPLY AT ANY 
CONSIDERABLE DISTANCE? 


One would naturally think that insects so highly specialened as to 
have only one food plant would be provided with some remarkable 
ability for detecting the location of that plant and for enabling them 
to reach it from a considerable distance. Experiments were under- 
taken by Dr. A. W. Morrill to determine whether the boll weevil had 
any strongly marked sense of the direction of its food supply. 
Various methods of testing were employed. In experiments 1 to3 a 
piece of glass about 20 by 24 inches was allowed to rest upon eight 
glass tubes placed at the angles and middle of each side and directed 
toward the center of the glass. The space between the tubes was care- 
fully filled with cotton. In certain tubes a supply of cotton squares 
was provided. In others, other green vegetation was placed. The 
weevils were liberated under the middle of the glass and allowed to 
move freely in any direction, the object being to see if any consider- 
able proportion of them would choose the tubes containing squares. 
In experiments 4, 5, and 6 a cylinder 2 inches in diameter and 18 inches 
in length was eee from wire screening. This allowed free 
circulation of the air and free movement of the weevils in either direc- 
tion. A supply of squares was placed outside of one end of the cylinder 
and various other vegetation at the opposite end. Observations were 
made to determine the proportions of weevils found nearest the food 
supply or farthest from it. The various conditions of light and heat 
were so changed as to determine their influence and equalize the effect 
upon the movement of the weevils. In the course of these experiments 
over 250 observations were made upon 100 weevils. A summary of 
the results shows that 83 weevils were found as near the cotton as they 
could get, while 90 weevils were as far from it as they could be. One 
hundred and sixty-one weevils were nearer to the-cotton than to the 
other vegetation, while 193 weevils were nearer to other vegetation 
than to cotton. In no case did the maximum possible distance from 
the cotton squares exceed 20 inches, and the minimum varied from 1 
inch to immediate access to the squares. All weevils were hungry and 
many starved during the period of observation. At no time was there 
a general movement in the direction of the food supply. Considering 
these results it can not be said that these weevils showed a definite 
sense of the direction of their food supply, or any attraction to it from 
a distance, even so short as 1 foot. The reactions to light and heat 
were both positively marked and much more Bue than the reaction 
to food supply. | 
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It must not be inferred that we believe weevils have no sense by 
which to locate their food supply, but it is apparent, both from these 
observations and from observations made in the field, that the move- 
ment of the weevils is indefinite, and the probability is that their find- 
ing cotton is more the result of accident than of evident intention. 
Since it has been found that weevils may live for a number of days 
after emerging from hibernation without food, they have considerable 
opportunity to move about and stand a considerable chance of finding 
food if it exists in the immediate locality. © 


DANGER FROM ALLOWING SEPPA TO GROW. 


In this connection attention should be called to the serious danger 
of allowing seppa to grow. It might appear that in localities where 
there is sufficient seppa to give a fair stand, there would be the decided 
advantage from the earliness of this growth in attempting to make a 
crop from these plants. Such, however, is not the case, as has been 
conclusively shown by the experience in south Texas during 1904. 
Winter conditions favorable to the survival of the cotton roots favor 
also the successful hibernation of many weevils, and large numbers 
of these attacking the crop in the spring are certainly fatal to 
the production of even a fair crop. The conditions and practices 
which result in seppa growth are those most favorable to the weevil. 
Southern Texas, where seppa is most common, is the very portion of 
the State which can profit most easily and most certainly by adopting 
the fall destruction of the stalks, and the subsequent plowing, which 
will not only prevent seppa growth, but will also insure the destruc- 
tion of a vast majority of the weevils. By allowing seppa to grow in 
a field of planted cotton, the weevils are supplied with the most advan- 
tageous conditions for getting a start over the planted crop. It will 
frequently happen that the seppa plants are from four to six weeks in 
advance of the planted cotton. Under such conditions, as was dem- 
onstrated at Victoria in 1904, a complete first generation of weevils 
may develop on the seppa, thus multiplying greatly the number of 
weevils which are ready to attack the main crop by the time squares 
begin to form thereon. The development of this largely increased 
number of weevils might easily have been prevented by simply 
destroying all seppa plants, and the seppa growth can be more easily 
and more surely prevented by destroying stalks in the fall and giving 
the ground a thorough plowing at that time than by any measures 
that may be adopted in the following spring. If it should be argued 
that seppa furnished ideal trap rows, we would say that extensive 
observations have shown that they constitute a source of decided dan- 
ger rather than of benefit, even if preserved for the purpose of trap- 
ping hibernated weevils. The proportion of weevils escaping destruc- 
tion upon such trap plants would insure the survival of a larger 
number of weevils per acre than could possibly have survived under 
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a faithful observance of the practice recommended by the Bureau of 
Entomology. The menace from this source is certainly sufficient to 
justify the adoption of strong measures tending to largely reduce, if 
not to prevent altogether, the growth of seppa cotton. The recom- 
mendation made by Prof. E. D. Sanderson, while State entomologist 
of Texas, that laws be passed making it a punishable offense to allow 
the unchecked growth of seppa cotton, seems to the writers fully justi- 
fiable and commendable. 


INCREASE IN LEAF AREA OF COTTON. 


The advisability of making observations upon this point was sug- 
gested by the attempts made to poison hibernated weevils by spraying 
early cotton with an arsenical insecticide. As the weevils fed so 
exclusively in the most recently unfolded growing portions at the tips 
of the stems, it was evident that the rapidity of increase in the leaf 
area would at least indicate the frequency with which spraying would 
have to be repeated in order to keep in a poisoned condition the very 
limited portion upon which the weevils fed. 

Although the observations were made after midsummer, the plants 
used were of the right size to indicate the points desired. Two series, 
each including five average plants, wére selected. 

The plants used in Series I had 8 leaves at the time of the first 
observation. Those used in Series II were older and averaged about 
30 leaves each. The leaves borne upon the main stem were classed 
as primary and those from side branches as secondary leaves. Upon 
the date of each of the 5 observations made, the number of leaves in 
each class was ascertained, an average leaf in each class was quite 
accurately measured, and the total product of numbers and area thus 
found was considered as the approximate leaf area of the plant. The 
error has been reduced as much as possible by taking an average of 
the 5 plants in each series as representing a typical plant, and it is 
with these results that comparisons have been made. 


TABLE XI.—Estimated increase in leaf area of cotton, averages of jive plants. 


Primary leaves. Secondary leaves, 
: E ; Average : Percent- | Average Percent- 
Date of examination. Bie on bes age of | number se cae ge of 
per re daily in- per janat daily in- 
plant. Pp crease. plant. P crease 
1902 
Series I: Sq. tm. Sq. in. 
AMPUSUSD. cue oe a cee tas settee mer 8.0 ee Os Or cad soe eee 
September 13.3, 44 8a eee ee ee 8.6 136. 8 8.0 8.0 ALD ies bees 
September 25.2 22 ack pe viside eee eae 9.8 231.6 5.4 16.6 187.4 30.0 
October. 28 Sa ee eee wo 11.0 309. 6 3.0 22.6 347.8 7.8 
October s7..o-5\5e, baer ae ae eee iB 2 376. 6 2.0 31.0 522.4 4.6 
Series II: 
Apeust 30 ice. 8 oo. lain tine eel eee 7.8 AE dl esate oes ets 21.6 266,83 Woe ssc ee 
Septemberd3s-..-. 26.022 eGee sek er eees 8.4 229, 2 2.0 24.8 341.4 2.0 
September 2p. ns poet ee aseeee see 9.8 241.6 04 42.4 514.0 3.6 
OCtOBET Gee cis ce ooh ee ae a ee oe cee 9.6 214.8} a-—1.0 52.6 619.2 2:3 
Octoper aye 2c: c eaeS teeene eee te 10.0 PIG Sent espewes 67.4 808. 8 pares 


a Decrease of 1 per cent due to falling of old primary leaves. 
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Several facts are evident from an examination of this table. After 
the plant has acquired about eight primary leaves the formation of 
branches and of secondary leaves began, thereby multiplying the 
number of growing points. From this time on the greater part of the 
increase in leaf area took place in the secondary leaves. By far 
the most rapid period of leaf growth occurred at about the time when 
squares first began to form. In Series J] the average total leaf area 
practically doubled every ten days through the seven weeks under 
observation. In Series II the plants were older to start with, and it 
required about forty days to double the leaf area. 

_ Kyeryone now concedes that it is useless to attempt the spraying 

of full-grown cotton such as is represented in Series Il. The extreme 
rapidity of increase in the foliage area shown in the first part of 
Series I shows that spraying must be repeated every week or ten days 
if even one-half of the entire leaf area is to be kept poisoned. When, 
in connection with the large per cent of daily increase, we consider 
how much of that percentage is being unfolded at the very tip of the 
stem; that upon that limited tip area alone will the weevil feed before 
the formation of squares; that after the formation of squares it 
appears to be almost impossible to poison the weevil’s food supply; 
and also that the irregular emergence of the weevils from hibernation 
may extend through several weeks; it at once becomes evident that 
poisoning early cotton for hibernated weevils is almost as impracticable 
as the poisoning of older cotton is now acknowledged to be. 


EFFECTS OF FEEDING UPON SQUARES AND BOLLS. 


From numerous large, open, feeding punctures a square becomes so_ 
severely injured that it flares very quickly, often within 24 hours 
(Pl. VII, fig. 33). Males usually make the largest punctures, which 
they always leave open while they remain for a day or more working 
upon the same square. It has been often found that squares thus in-! 
jured by a male will flare before the weevil leaves it. The time of. 
flaring depends upon the degree of injury relative to the size of the 
square. ‘Thus, small squares receiving only a single large feeding 
puncture in the evening are found widely flared in the morning. On 
the other hand, large squares which are within a few days of the time 
of their blooming may receive a number of punctures without show- 
ing any noticeable flaring. Frequently a square which has flared 
widely will be found later to have closed again and to have formed a 
distorted bloom (PI. VII, fig. 32), and occasionally such squares de- 
velop into normal bolls. In squares of medium size a single feeding 
puncture does not usually destroy the square. The destruction of a 
square by feeding results either from drying, decay, or a softened, 
pulpy condition of the interior, which is the consequence of the weevil 
injury. 
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Bolls are quite largely fed upon after infestation has reached its 
height. Small and tender bolls are often thoroughly riddled by the 
numerous punctures (Pl. LX, fig. 36). Small bolls so severely injured 
fall within a short time. Larger bolls may receive more punctures 
without being so severely injured. A comparison of the external and 
internal effects in such cases is shown in Plate VIII, figures 34 and 35. 
Abnormal woody growth takes the place of the normal development 
of the fiber, and a softening and decay of the seeds often accompanies 
this change. One or more locks may be destroyed while the remain- 
der of the boll develops in perfect condition (Pl. IX, fig. 38). 

After the bolls become about half grown the effects of feeding are 
less likely to cause the boll to fall. The puncture becomes closed by 
a free exudation of the sap and a subsequent woody growth, which 
forms frequently an excrescence the size of half a pea upon the inner 
side of the carpel (PI. IX, fig. 37, a). An excrescence of this char- 
acter usually results from an egg puncture, and often from feeding 
punctures also. 


TABLE XII.—Destruction of squares by feeding alone. 


vi A 1 1 w te 
ga | Be 08 (82 |e ae 
oe ao 2 ys; 58 = Sod ee ae =| “ 
ao as heal late, a. | O39] G0 oa? 
eH aa =| D Die AS Ros) 2H 3 
eo ao Bo | 8S | ed | Sa |) eee |) Bau ae a 
oS a= ae ee =| Ao | Bop | BO ees 
= Date. Cad] OE | B® loga| =g | Beno | Soe | ag 
aoe | ge O27 | Ses] a6 | aoe S O68 
Seed pas | of Oa Og ty Sr ere Ss Bap 
er oULy =) = fo} Pp o ot {0b} 
2rd Sites w no Ao Sok | mde | &®,8 
ECS ie i = 2 = © ogg So,, Sra 
aorta | ie lee od eee [835| 508 | Sag 
Se2a|] SA Se Sex 5 Bea] SH | oS 
i ‘= =) eH C4 Oy 4 <q 
TINE ALTO, Wliye 2 eee es ee ee 334 59 210 122 7G 58.1 2.0 5.6 
August 21 to September 10 .......... 308 o4 206 100 15.1 48.5 1.8 5.2 
October 25 to November 25.........- 125 41 137 110 32.8 80. 0 2.8 14.2 
ABO Y4 chee saya. aie ehh ae ar eo 51 26 79 70 50.0 88.6 3.1 16.2 
JUNE LO to Mulby ales aa sees Scere 417 31 125 59 7.4 47.2 1.9 6.0 
August 6 to September 25 -..-.....-- a68s 68 177 177 100. 0 100. 0 2.6 3. 65 
| 353 | 279| 934| 638! 20.6 | 68.3 | 2.0| 7.0 


aSquares attacked by male weevils only. 


From the preceding table a few general conclusions may be drawn. 
The general impression that most of the feeding is done in squares 
specially devoted to that purpose is abundantly sustained by reference to 
columns 5 and 6, from which it is seen that one-fifth of all the squares" 
attacked by the weevils receive over two-thirds of their feeding punc- 
tures. Where, as a general thing, only one egg is placed in a square, it 
appears that on an average more than two feeding punctures are made 
in asquare. A comparison of the average time from the date of attack 
to the falling of the square shows that squares which are fed upon only, 
fall, as a rule, somewhat more quickly than do squares which contain 
larve only and have never been fed upon. While not shown in the 
preceding table flaring as a result of feeding injury takes place more 
quickly than when the result of injury by a larva working within the 
square. | eae 
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EXTERNAL AND INTERNAL EFFECTS OF FEEDING ON BOLLS. 


Fig. 34, External appearance of feeding punctures upon large boll: fig. 35, internal injured 
condition of same boll—natural size (original). 
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EFFECTS OF WEEVIL FEEDING UPON BOLLS. 


Fig. 36, Small boll showing 13 feeding punctures; fig. 37, section of medium-sized injured boll: 
a, Feeding puncture closed by woody growth; b, gelatinized area resulting from feeding punc- 
tures; fig. 38, boll having two locks destroyed by two feeding punctures made by a male weevil: 
fig. 39, device used to test relative attractiveness of American and Egyptian squares—figs. 36, 
38, reduced to three-fourths natural diameter; fig. 39, one-fourth natural diameter (original). 
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DESTRUCTIVE POWER BY FEEDING. 


A glance at the figures in Tables X and XII (pp. 52 and 60) is suf- 
ficient to show the great destructive power of the Mexican cotton boll 
weevil. It may be seen that both in the field and in the laboratory 
the weevils of the first generation are more active in making punctures 
than are the hibernated weevils. ‘These generations overlap too far 
to attribute this difference to the influence of a higher temperature 
alone, though this factor will account for a large part of it. A com- 
parison of the figures for males alone with those for females alone or 
with those for males and females together shows that it is very con- 
servative to say that males make less than half as many punctures as 
do females. By the habit of distributing their punctures among a 
greater number of squares the destructiveness of the females becomes 
at least five times as great as that of the males. 

This great capacity for destruction has been one of the most evident 
points in the history of the spread of the weevil, and deeply impressed 
the entomologists who first studied the insect in Texas. In 1895 Mr. 
E. A. Schwarz, in writing of the work of the weevil at Beeville, said: 

Each individual specimen possesses an enormous destructive power and is able to 


destroy hundreds of squares, most of them by simply sticking its beak into them for 
feeding purposes. 


SUSCEPTIBILITY OF VARIOUS COTTONS. 


Anexcellent opportunity for observations upon this point was obtained 
upon the laboratory grounds at Victoria by growing within a small area 
plants of several varieties of American Upland, Sea Island, Egyptian 
(Mit Afifi), Peruvian, and Cuban cotton (Algodon sylvestre). The 
Peruvian cotton made a remarkably large growth during the first sea- 
son of growth in 1903 and again from the overwintered roots in 1904, 
but put out no squares, so that it does not really enter into this com- 
parison. The Mit Afifi seed was obtained through the courtesy of the 
Bureau of Plant Industry of this Department from a field grown the 
preceding season at San Antonio, Tex., in which circumstances led 
some observers to the opinion that the variety was, to a certain extent, 
immune. The observations at the laboratory were made by carefully 
examining the plants, looking into each square, and removing every 
weevil and infested square found. If there were any distasteful or 
resistant cotton among these, it would surely be found in this way; 
and if any variety were especially attractive to the weevils it would 
be equally apparent. Infested squares being removed, the accident 
of association or proximity would not determine the location of the 
weevils found, but all might be considered as having come to the cot- 
ton with equal opportunities to make their choice of food, and accord- 
ingly their location has been considered as indicating such choice. 
The period of observation extends from June to November, except 
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_ with the Cuban cotton, which was planted late and began to square 
during the latter part of August. For the purpose of this comparison, 
both the several varieties and the various plots of the American cotton 
will be considered together, as no evidence of preference was fourid 
among them. 

In making a comparison of the results three en <i a con- 
sidered for each variety of cotton: First, the number of plants of each 
variety; second, the number of days during which each kind was 
under observation; third, the total number of weevils found on each 
class of cotton. The elements of numbers of plants and time under 
observation may be expressed by the produet of those two factors 
forming a term which we may eall ‘‘ plant-days.” The total number 
of weevils found upon any class of cotton divided by the number of 
‘*plant-days” will give the average number of weevils attracted by 
each plant for each day, and these numbers furnish a means of direct 
comparison and show at a glance the average relative attractiveness 
of each class of cotton. The following table presents these results in — 
comparable form: 


TasLe XIIIl.—felative attractiveness of various cottons. 


Total. | Average. 
Num- patie 
Class of cotton. ber of | pyani. | Wee- In-_ | Weevils infeed ee 
plants. | “govs vils_ | fested | perplant oe ee fratieae 
YS- | found. |squares| per day. Lge 
1903. 
POMC Seo aoc ia ee saa ee eS 62} 4,920 287 | 3,507 | 0.058+ 12,2+ 1.0 
Gaiam tek oo Seek ee. Sas | 5 | 120 tt| 136]. 098 ph aa 1.64 
Sea Slane. 3222 5 A sce ene een ae 8! 5d2 64 | 1,089 .116— 17.0+ 2.0 
Dn ae ts gas A See SRR rss DRT / &! 08 207 | 2,013 256+ 9. 7+ 4.44 
| ee 
Total of 3non-American eottons. 21 | 1,480 282 | 3,238 191 — 11.5— 3.3— 
1904. i 
PATEL BUC SLIM yore, pte sa nr oe 60 | 3,780 ES el eee 09914 fo o2 ae 1.0 
New Wola 25. soi. 2 Sat sss i5< Sines i] 315 1 gd See «OPER fe taeosaeeee 4.0 
IBEW GMID rs ccs tea taie a Vala me rs ooh ra 4 252 WOR pee ce sees - 408 bac aeeaces 4.4+ 


An examination of these figures shows that American Upland cotton 
is less subject to the attacks of the weevil than any of the others, and 
that Egyptian (Mit Afifi) is by far the most susceptible. The differ- 
ence in degree is most plainly shown in the column of “relative 
attractiveness.” It would certainly seem difficult to formulate a 
stronger argument for the cultivation of American cottons alone within 
the weevil-infested district than is presented by these figures. The 
weevils gathered so thickly upon the Egyptian cotton that the plants 
could not produce sufficient squares to keep ahead of the injury, and 
therefore the average number of infested squares for each weevil is 
only three-fourths as great with that variety as with less infested 
kinds, but the average injury to each “square was greater than with 
any other, 
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- Reports made by agents of this Bureau who have investigated the 
habits of the weevil in Cuba and Mexico show that the native varieties 
of cotton, including the tree and kidney cottons of Cuba and the tree 
cottons of Mexico, are just as susceptible to serious weevil injury as 
are the cultivated cottons. In some restricted localities in Central 
America the dwarf character of the cotton grown and the very open 
method of cultivation result in the production of some staple, though 
the variety of cotton grown is by no means immune to weevil attack. 

The practical application of these observations may be emphasized 
still further by the statement that in spite of the frequent and careful 
removal of weevils from these cottons during the entire season none 
of the non-American varieties made a single boll of good cotton, so 
great was the actual weevil injury to them, while American cotton with 
the same treatment developed a large number of bolls. 

The results are still further sustained by observations upon larger 
areas of American and Egyptian cotton under field conditions in three 
localities in Texas, no weevils being removed from either kind. At 
Victoria, Tex., on August 26, 1903, an examination showed that 96 
per cent of Egyptian squares were infested, while an average of 13 
fields of American showed 75.5 per cent. At Calvert, Tex., on Sep- 
tember 4, Egyptian showed 100 per cent infested, while the American 
varieties growing alongside showed 91 percent. Similar results were 
found at San Antonio. Though growing in close proximity, the Egyp- 
tian produced no staple whatever, while the American gave better 
than an average yield in spite of the depredations of the weevil. 

At Victoria, in the experimental tract during 1904, three varieties of 
Egyptian cotton (Mit Afifi, Janovitch, and Ashmouni) were tested side 
by side with American varieties. The Egyptian varieties uniformly 
failed to make a pound of cotton, while the American varieties aver- 
aged 400 pounds per acre. 

In accordance with these observations, it appears that in developing 
a variety of cotton which shall be less susceptible to weevil attack, by 
far the most promising field for work lies among the American varie- 
ties, and of these the very early maturing kinds are most promising. 

The question of choice of different varieties for food was tested in 
the laboratory by Dr. A. W. Morrill, by placing squares of two kinds of 
cotton, American and Egyptian, in alternate rows in a breeding cage 
(Pl. LX, fig. 39), so lettered and numbered that each square could be 
exactly located. Weevils were then placed so that they could take 
their choice of these squares, and observations from 8 a. m. to 6 p. m. 
were made upon the location and activity of the weevils. Though this 
experiment was repeated four times no positive evidence was obtained 
to show that weevils had any choice as to which kind of squares they 
fed upon. Table XIV presents a summary of these results. 
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TaBLE XIV.—Breeding-cage observations upon weevil choice of American and Egyptian 


squares. 
i American squares. Egyptian squares. 
wn 
| Se en ¢ | é |g a Malte 
8 : we| | 2 Bo. |e) aes a | 8 
© Period of observation. BS home iS g.| eal 8 Slee een eS 
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In experiments 1 and 2 the American squares were attacked more 
extensively than were the Egyptian, while in experiments 3 and 5 
greater injury was done to the Egyptian. In experiment 4 the smaller 
number of egg and feeding punctures made in the Egyptian squares is 
counterbalanced by the larger number of squares attacked. Although 
the totals from these five tests show slightly less injury to the Egyp- 
tian than to the American squares, it could hardly be expected that 
two arbitrarily chosen series, even if of the same variety, would show 
any closer agreement in the points of comparison made in this table 
than is therein shown by the American and Egyptian squares. 

About July 25, 1904, a rather sensaticnal report was published in a 
- number of prominent newspapers, claiming that a variety of tree cot- 
ton had been found which was not only unaffected by frosts, but also 
\ immune to the attacks of the boll weevil. An agent of the boll weevil 
‘ investigating force, Dr. A. W. Morrill, was detailed to study the cot- 
ton which had given rise to the report. Careful investigations were 
made in seven different localities. No variety of cotton is positively 
known to be unaffected by frosts. It was found that but a few stalks 
of cotton were growing in any of the localities visited. The fruit was 
scattered, in many places there being no bolls and the fiber of very 
poor quality. An examination of the squares showed that they were | 
badly infested by the weevils in several of the localities visited, and 
the isolated location in other cases might easily explain their escape 
from attack. 


HAS THE WEEVIL ANY OTHER FOOD PLANT THAN COTTON? 


The question of the possibility of boll weevils feeding upon some 
other plant than cotton is one of great importance. It is a well- 
known fact that insects which have few food plants usually confine 
their attacks to closely related plants belonging to the same botan- 
ical family, or even genus. Accordingly, most of the plants which 
have been tested especially are those most closely related to cotton. 
Four species of Hibiscus (ZH. esculentus, H. vesicarius, H. manchot, 
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INSECTS OFTEN MISTAKEN FOR THE BOLL WEEVIL. 


Figs. 40, 41, Mexican cotton boll weevil (Anthonomus grandis), much enlarged; fig. 42, Lixus sp., 
enlarged three and one-half times (original); fig. 48, acorn weevil (Balaninus victoriensis): 
a, Female, dorsal view; b, same, lateral view; c, head, snout, and antenna of male—all enlarged 
four times (from Chittenden); fig. 44, apple curculio (Anthonomus scutellaris), enlarged (from 
Insect Life); fig. 45, pepper weevil (Anthonomus xneotinctus), much enlarged (original); fig. 
46, Desmoris scapalis, enlargea (from Chittenden). 
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INSECTS OFTEN MISTAKEN FOR THE BOLL WEEVIL. 


Fig. 47, Transverse Baris (Baris transversa), much enlarged (original); fig. 48, Centrinus penicellus, 
enlarged (original); fig. 49, coffee-bean weevil (Arxcerus fasciculatus): a, larva: 6, beetle: e, 
pupa, enlarged (from Chittenden); figs. 50,51, Chalcodermus xneus, enlarged (from Chittenden). 
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INSECTS OFTEN MISTAKEN FOR THE BOLL WEEVIL. 


Figs. 52, 53, Sharpshooter (Homalodisca triquetra), enlarged (from Insect Life); fig. 54, cotton 
stainer (Dysdercus suturellus\, enlarged (from Insect Life); fig. 55, cotton stalk borer (Ataxia 
crypta), enlarged (from Howard); fig. 56, imbricated snout-beetle (Epicerus imbricatus), 


enlarged (from Chittenden); fig. 57, snapping beetle (Monocrepidius vespertinus), enlarged 
(from Chittenden). 
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METHODS OF WEEVIL STUDY. 


Fig. 58, Device used in testing attractiveness of molasses to hibernated weevils early in 
spring, reduced to one-fourth natural diameter; fig. 59, weevil ‘‘ playing ’possum,”’ 
enlarged two diameters; fig. 60, weevil ‘‘ playing ’possum,”’ natural size; fig. 61, field 
cage used to confine weevils on uninfested plants; tagged plant after removal of cage 
at right (original). 
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H. moscheutos) were grown and an effort made to see whether weevils 
would feed upon either the leaves, buds, or seed pods. In no case, 
however, did they live on any of these for any considerable time, 
though they fed slightly upon some of the parts. Hibernated weevils 
starved in an average time of about 4 days with leaves of either okra 
or Sunset Hibiscus. The buds and seed pods were not formed at that. 
time, : » could not be tested. Weevils of the first generation, which 
had fet upon no cotton, were placed upon Sunset Hibiscus, and these 
starved in an average of 3 or 4 days. First generation weevils, which 
had fed for a few days on squares, were placed upon leaves, buds, and 
seed pods of Hibiscus vestcarius. Though they fed a little, all starved 
inane verage of about 5days. A lot of first-generation weevils, fed first 
for se ‘eral days with squares, were given leaves, buds, and seed pods of 
okra. More feeding was done by this lot than by any other, all parts 
being slightly attacked. These weevils lived for an average of 7 days. 

Numerous other plants, including sunflower (Helianthus annuus), 


bindweed (Convolwulus repens), the slender pigweed and the spiny pig- 


weed (Amaranthus hybridus and A. spinosus), and western ragweed 
(Ambrosia psilostachya), and various other species of weeds and 
grasses which occur more or less frequently around cotton fields were 
tested, but in no case was feeding noticed except in the case of weevils 
supplied with pieces of the stem of sorghum, the stems of which were: 
cut into short lengths and some of the pieces split lengthwise. Upon 
the exposed, juicy pith weevils fed considerably, but they did not 
puncture through the hard stem to obtain the juice. The sweet sap 
found in the pith sustained weevils for some time in the laboratory, 
but where obliged to puncture the stem, as they would be in the field, 
they would never attack sorghum, except possibly freshly cut stubble. 
Among the many plants tried, therefore, none has been found to show 
any capacity for sustaining the lives of weevils in the field in the 
absence of cotton. 

During the summer of 1904 a number of other plants not closely 
related to cotton were tried, but upon none of them would the weevils 
even attempt to feed. 

The question of the original food plant of the weevil has received 
considerable attention from this Bureau, the investigations made in 
Cuba being particularly thorough and conclusive. In that island some 
varieties of cotton grow wild and are perennial. After most careful 
search Mr. E. A. Schwarz wrote in the spring of 1903: ‘** There is not 
the slightest doubt, in my opinion, that the original and only food 
plants of the weevil are the varieties of Gossypium and here in Cuba 
_ the variety known as kidney cotton.” The investigators of the 
Bureau of Entomology have given special attention to the possibility 


of the boll weevil breeding on other plants than cotton. Throughout 


the investigations of Prof. C. H. T. Townsend in southern Texas and 
16780—No. 51—05——_5 


66 


in Mexico and the careful studies made by Mr. Schwarz in Texas and 
in Cuba and the observations made by the writers in Texas every 
plant closely related to cotton has been most carefully watched, and 
the uniform failure to find the weevil upon any other “= meee it 
practically certain that cotton is its only food. | 


INSECTS OFTEN MISTAKEN FOR THE BOLL WEEVIL. 


Many species of insects have been mistaken for the Mexican cotton 
boll weevil. Among them the two most commonly reported in Texas 
have been an acorn weevil (PI. X, fig. 48) and a species commonly 
found upon bloodweed or ragweed. The chief reason for the promi- 
nence of these two species is not that they resemble the boll weeyil 
more closely than do others, but rather that their habits bring them 
into closer proximity with cotton fields and their abundance has led to 
their more frequent discovery. The acorn weevil has in a number of 
cases been taken in lantern traps set in cotton fields, and the mistake 
in the proper identification of the species has given currency to the 
report that the boll weevils are attracted to lights, which, however, is 
never the case. There is no authentic record of a single boll weevil 
having been caught at any light. Only very rarely and under excep- 
tional conditions will the acorn weevil feed at all upon cotton bolls. 

Though the bloodweed weevil (Ple X, fig. 42) has been taken from 
cotton plants, no evidence has been submitted showing that it was 
actually feeding thereon, and it is more likely that such specimens had 
merely strayed to the cotton from bloodweed growing near, 

_ Another species of weevil, Desmoris scapalis (PL. X, fig. 46), is much 
less common and therefore less frequently mistaken, but resembles the 
boll weevil in general appearance far more closely than does either of 
the species previously mentioned. This insect has been found attack- 
ing white prickly poppy (Argemone alba) and tumbleweed (Amaranthus 
grecizans) in the spring, and probably breeds on Prionopsis ciliata 
Nutt. and the broad-leaved gum plant ( Grindelia squarrosa). 

In general the food habits of any species are among its distinetive, 
specific characters, and as the structural differences are easily over- 
looked and difficult of appreciation by anyone unacquainted with the 
careful study of insects, a rather full though by no means complete 
list is here given of the species which have been reported to the Bureau 
of Entomology as having been confused with the boll weevil. A num- 
ber of the most common species will be found figured among the illustra- 
tions in Plates X, XI,and XII. The scientific names of the insects are 
given because they are definite and refer positively to a single species, 
whereas the common names are used so loosely that the same name may 
be applied to a number of species having possibly similar habits. In 
many cases no common name has yet been given to the species. Hight 
of the species mentioned attack living cotton and five species are found 
feeding only on decaying bolls. The occurrence of the remainder upon 


67 


cotton is merely incidental. The boll weevil is ineluded in this list, and 
figures of the adult are given in the plates to facilitate comparison. 


Insects often mistaken for the boll weevil (Anthonomus grandis). 


Scientific name. Common name. Usual food plant. es ae 
Anthonomus grandis Boh ....----| Mexican eotton boll wee- ' Cottom squares and bolls... X, 40, 41 
Anthonomus albopilosus Dietz. .-. naps Ns EL RT Boies, AOL OE SO oe ae es ee a se] he nee eae 
Anthonomus signatus Say .-.-..--- Strawberry weevil-.--...- | Various flower buds...-....|.-- oe Ne ae 
Anthonomus xneotinctus Champ .| Pepper weevil.-..-...---- t Pepper po@s.........--..-:- X, 45 

. Anthonomus seutellaris Lec .......| Apple weevil ............-| Apple ......---....--.-.---- X, 44 
Desmoris scapatis Lec.........--.| Ironweed weevil .......--| Broad-leaved gum plant... .| X, 46 
Desmoris canstrictus Say -..------ Sunflower weevil._......-. SUBTMSLOL Wy Corll, eee eee elie 2 
Conotrachelus naso Lec........--- JSPR Ae ON) ol OVE EA ie CU EEE Gee Saal Ga RN 
Conotrachelus elegans Say......-- Oe eee ee tw ASRS tate Sic Se ee eae ee ae eee Se a ee 
Conotrachelus nenuphar Hbst.....| Plum eurculio...... Soh bosib peaches: <2 85.75 h ae 
CAM GheMES Le COpRe ahs Hab ib: on =). cjace dose ecse eee ae ' Careless 1 G6 Se eae oa ete | a 
Centrinus penicellus Hbst.....-...}--- he cia Marg oe Serene ek Soe Beetle HOwWers._2-----2-- - XT,.48 
Coeeeier gremmnnens Mist...) - 4s. inne sen ene a Pe A ee ees 35s HSA ae aay 
Chaicodermus zneus Boh.-..-...--| Cowpea-pod weevil....... | Cowpea pods ..-.--...2.-+-- XH, 50, St 
Dorytomus mucidus Lec...-.....- | A Willow weevil...-.---.. wT MWOUMOWR a ae rare eS 2. ky ee 
Tizas scroticollis Boh ......-..--- Bloodweed weevil....--... Ragweed (Ambrosia spp.) -.-|........---. 
i OmenRer one ..-.5-...) Am acer weevil 2 ple. 2S ace kwon el ewes eee 
Balaninus victoriensis Chitt.-.-.-|....- Go a Ae aod) Lape aeomia: 223525. fe: 43 
TRUCE CE OUI] ae ee eoalas ASS 0s eee een p SALOON TES siento tos cea ee eo eee ee 
Acalles turbidus Lec....-....-..-- -Prickly-pear weevil ...... MIPEIG YA PCA 5.2.0 3 <n ae aes nets ace eee ae 
Asailes malta: Lec... 22. fn O22 uae Bers: CSR ot ae ree mri) Sea Ne iN gS. 
BARES SLUR OOS, aioe oe sw Striped Baris 2.0.22. .cc 52 | Steme-es ragweed. 2. lech 
Baris transversa Say ..--.- aera aa ‘Fransverse Baris .....---- Roots of cockleburs ........ XI, 47 
Tychies sordidas Lec... -......--- False indigo weevil ....-. DECIR iE gee a CT RMN I aed (gd Mi Penal ac ie 2 
Trichobaris mucorea Lee .-....-.- Tobaceo-stalk weevil... .. Pobuceosmtlks. = 24th Se 
Trichobaris texana Lec ....-......| Nettle-stalk weevil_.....-. Speak thisthe -- 3 ss2co5 Supe 
Rhyssematus palmacollis Say -.... Be Stes ie vB EES SINT OS RE a | ater ee Oe ee Seo a age Bee 
PPOAOTAS POLES EE DSU. <= - <= - 23 =~ Peles weevil... <2. 2... RL COMpeIma She MmS se cct ees op E 
Pissodes strobi Peek..............} White-pine weevil_......- a Gls Cae vat aos eames ed 0 pe aa ee 
Pachylobius RACER OREM GreTINb apa sethn, 12 ea eke coke Wie, Sle OY Fa xe NS i GS SE SAR UR Oo 
Rhynchites mexicanus Gyll .......|, Mexican rose beetle.....- ase ry ah ele a eta cpa IES pen Riek. 
Arecerus fasciculatus DeG -...-.- Cofiee-bean weevil ....-.- ' Coffee beans and old cotton | XI, 49 

bolls. 
Epicerus imbricatus Say ..-......| Lmbricated snout beetle..| Ommnivorous._...-.- ee XII, 56 
Anthribus cornutus Say .........- Horned stem borer... _.. Coliomstema hoe oe sete os 
OTHER BEETLES. ; 
Monocrepidius vespertinus Wales oo. es cee cad Larva in grass roots ......-- EEE, 5F 
WNeransiaonodon: Baby 25. 8. 0Le) 2 fete Pe en kek ; Larva in ground... .......-.- MOPED ey 
Aiavie erypla Bay 2 n.d. san= 2 Cotton-stalk borer........ Cottemiaiables. 2!) oe) 8s XII, 55 
eRe CAAT OSt WEES ra < «niece oP ie oa eters ae eee eee PCC Ry ITO DOIG? ss se see we hn eo ee 
Carpaphilus kemipterus Linn ....}.5...2.2...22200-20-0-2----- . Develops in decaying bolls.|._......__.. 
Carpophilus dimidiatus Fab...---|..~ ‘ pee Sia etae. Soest ky | eae CO ss = ee ee a ei er Se 8 a 
Bpured, gta Linn .... 22. -----).0----2- Fa a aie ae Peer een Se oe ieeranata ee alas aN eee a 
Cathartus gemellatus Duy......... Grain beetle...../........ Apres 1 CARS cet a A AON et eee LE Aa 
Tribolium ferrugineum Fab ....-. Fiour beetle. 22. 02.2.2 PRUE RGMS RECS. Soe ccs Se 
BUGS AND OTHER INSECTS. 
Homalodisca triquetra Fab.....-. Sharpshooter ...........-. Casha: SHAME so CS XIE, 52, 53 
Oncomectopia undata Fab......... Waved sharpshooter ..... Beha ds GEOR Ce eae ws, 3 aera ares ees Sec ee 
Dysdereus suturellus H-Sch -.....| Cotton stainer............ Cottom bells ....- 2.2.2... XII, 54 
Gicanthus niveus DeG ...........- Snowy tree-cricket ......- | Stem of eottom plant, ...2...f. .........-. 
Calocoris rapidus Say ........---- Rapid plant-bug.......... BON ORIGOtTOMN 61 Sih oes Bee eo 
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A special publication dealing with insects most frequently reported 
to this Bureau as being mistaken for the boll weevil is now being 
prepared and will be available for general distribution. 


IS COTTON-SEED MEAL ATTRACTIVE? — 
LABORATORY OBSERVATIONS. 


On account of the popular impression that cotton-seed meal will 
attract weevils it has been necessary to conduct a rather full series of 
experiments. To ascertain the possibility of using this substance as 
an attractant for the weevil in field work, three series of laboratory 
tests were first made. The weevils used were obtained from the same 
source in all tests. The first series was designed to test the ability of 
the weevils to live upon cotton-seed meal alone as a food. The second 
series was intended to show whether the weevils would prefer the 
meal to cotton leaves as an indication of the possibility of attracting 
hibernated weevils before the formation of squares in the spring. 
The third series was planned to show whether the weevils would pre- 
fer the meal as a food when squares could be easily found. The 
cotton-seed meal used was obtained fresh from the oil mill and the 
experiments started during the latter part of November. 

Weevils fed rather sparingly upon the meal in Series I. It did not 
seem to agree with them as a food and they showed no special inclina- 
tion to feed upon it. Twenty-three of the 24 weevils confined upon 
meal alone died in from 2 to 18 days, showing an average duration of 
life of slightly over 6 days. These weevils either starved to death 
rather than eat the cotton-seed meal, or else they were not able to eat 
it. The dry and empty bodies of all dead weevils showed that death 
was caused by starvation and not by disease. Being entirely covered 
with the fine meal did not seem to have any bad effect upon them. 
As weevils without food or water showed an average duration of life 
of slightly over 6 days, agreeing exactly with the period in this test, it 
appears that cotton-seed meal is not only not a food desired by the 
weevils, but also that it is not capable of prolonging their lives to any 
poerecblc extent. 

In Series II 21 weevils were confined with fresh cotton leaves and 
cotton-seed meal as food. During the 297 ‘‘ weevil-days” that this 
experiment was continued but one weevil died. The average period 
of the test for each weevil was 14 days. The weevils fed almost 
wholly upon. leaves. Occasionally one would feed a little on the 
meal, but they certainly preferred the leaves, and the results show 
that leaves alone were responsible for the longer life of these weevils. 
The 20 survivors were placed in hibernation December = 1902, but 
all died before April 15, 1903. ae 
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‘In Series III freshly picked squares were placed with the meal to 
see which would attract the weevils. Fresh meal, as well as squares, 
was supplied at frequent intervals. During the 158 ‘‘ weevil-days” 
that this test continued not one of the 10 weevils died. The average 
period of the test was almost 16 days, and after it the weevils were 
placed in hibernation, but all died before April 15,1903. In only one 
instance was a weevil observed feeding upon the meal. From this 
test it was evident that cotton-seed meal has not the power to attract 
weevils from squares, even when the latter have been picked for sev- 
eral days. 

In spite of the complete failure indicated by these results, a series 
of field tests was made during the late fall of 1902. 


FIELD TESTS. 


In order to settle this question finally, two series of field tests were 
made, one during the fall, when weevils were abundant but full-fed 
and cotton still standing, and the other during the early spring, with 
the view of attracting weevils as they came from hibernation before 
cotton began to square. 

Fali of 1902.—Cotton-seed meal fresh from the mill was placed in 
10 cheese-cloth bags, which were shaken so that the fine dust from the 
meal covered the outside of each bag. The bags were numbered and 
then tied to cotton plants in infested fields at about the middle of the 
plants. The bags were so distributed as to test fields in which the 
following conditions prevailed: One field entirely black from frest, 
one nearly black, one about half green, and one still entirely green. 
The number of weevils on the plant to which the bag was attached 
was noted each day to ascertain in a general way the number of wee- 
vils which would be very near the meal and able to reach it in the 
ordinary course of travel over the plant without having to fly to it. 
Weevils on adjacent plants would naturally come within the sphere 
of influence if such existed, but they were disregarded. After the 
failure of the meal to attract weevils in the field became apparent, 
weevils were caught and placed upon the bags to see if they would 
stay there. 

Altogether 65 observations were made, covering a period from Novem- 
ber 24 to December 16. The weather was generally cool, averaging 
about 61° F., mean temperature, and cotton had ceased to grow. 
Counting each weevil found at each observation, only 5 were found 
upon the 10 bags of meal. Of these 5,.3 were hidden in the folds of 
the cloth for shelter and were not feeding. One weevil was counted 
twice and was the only one found that appeared to be feeding upon the 
meal. During this period a total of 163 weevils was found upon the 
top parts of the plants to which the bags were attached. This is con- 
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siderably below the real number present, because in many instances 
this examination was not made, and ders weevils were Sa 
even when examination was ae . 

At various times 27 weevils were placed directly upon the bags of 
meal and given every opportunity to show whether they would stay 
thereon if they accidentally found the meal. Only one of this number 
stayed upon the bag for 24 hours, and this one remained in the shelter 
of the cloth. 

The unattractiveness of cotton-seed meal for the weevils seems 
absolutely proven so far as fall conditions are concerned. 

Spring of 1903.—These tests were intended to show whether hiber- 
nated weevils would be attracted to the meal before squares were to 
be found in the field. ‘Two series of experiments were planned, using 
four bags of meal in each. For the location of the first series a field 
was chosén which was known to have been badly infested with weevils 
up to December 18, 1902. This field was not replanted with cotton in 
1903, nor was there another field in the vicinity, so that weevils com- 
ing from hibernation would find no possible food except the meal. A 
number of live hibernated weevils was taken from this field, so that 
there can be no doubt of the presence of many of them. The bags of 
meal were placed near apparently favorable hibernating places. 

Fifty-five observations were made under these conditions, but not a 

weevil came to the bags of meal. 
_ For the second series a. field was selected in which oceasional seppa 
cotton plants were found. The plants had been allowed to stand 
through the winter in this field, and hibernated weevils were quite 
abundant. The bags of meal were here attached to stakes driven 
beside seppa plants. More than 50 observations were made after 
weevils were known to be out of their winter quarters. Nine weevils 
were found upon the seppa cotton plants beside which the bags of 
meal were placed, but not a weevil was found at the meal. : 

Only one conclusion ean be drawn from these experiments. Under 
no conditions will cotton-seed meal serve as a food for the weevils, 
and it shows no power whatever of attracting them either from cotton 
or in the absence of cotton. 


THE POSSIBILITY OF BAITING WEEVILS WITH SWEETS. 
ATTRACTIVENESS OF VARIOUS SWEETS. 


On account of the considerable publicity given the theory that it 
might be possible to destroy the weevil by attracting it to sweetened 
poisons, a number of experiments were performed along this line. 

In the course of this work Mr. G. H. Harris employed in the labora- 
tory tests a large variety of sweets. White granulated sugar, two or 
three grades of brown sugar, two or three grades of molasses, and the 
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best strained honey were among the sweets tried. The conditions were 
such as to lead the weevils to eat the sweets if they would ever do so. 
The only alternative offered them for food was a supply of rather old 
cotton leaves such as weevils never touch in the field. In spite of the 
unfavorable conditions for getting at the real choice of the weevils, 
they showed little inclination to feed upon the sweets except in the 
ease of honey, which seemed to attract them quite strongly. Many 
weevils fed upon the unattractive leaf tissue or upon the broken end 
of the petiole rather than upon the sweets. 

The result of Mr. Harris’s experiments with undiluted molasses 
_ applied to plants in the field as summed up in his own words was that 


‘‘nothing indicated that the weevils were attracted by the odor of. 


sweets.” Honey was then tried, and this did attract a few weevils. 
Mr. Harris’s general conclusion, based upon the results of his experi- 
ments, was that ‘‘ while a high grade of sweets seemed to have more 
attraction than a cheaper grade, neither can be depended upon to 
attract the weevils for poisoning.” 


ATTRACTIVENESS OF SWEETS TO HIBERNATED WEEVILS IN 
LABORATORY. 


The sweets used in these tests were of three kinds: High-grade 
molasses, common molasses, and light-brown sugar. The weevils were 
brought in from the field and left for one week without food or drink 
previous to the beginning of the tests on April 2,1903. Three weevils 
were used with each kind of sweet, the latter being in their strongest 
form and the sugar in a saturated solution. The inclosing apparatus 
was formed by placing two bottles mouth to mouth with sufficient 
space for air but not enough for the escape of the weevils between 
them. In the bottom of one bottle was placed the sweet and the 
second leaves of cotton in the bottom of the other. The weevils were 
then inclosed, and the cages thus formed were placed in a horizontal 
position in the dark to eliminate every possible influence of direction 
of light, relative elevation of food, etc. The food supplies were 
renewed occasionally, and the location of the weevils relative to the 
food in each cage was noted frequently. The weevils were counted at 
each observation. The results of these observations are briefly sum- 
marized in the following table: : 


TABLE X V.—Altraction of various sweets versus cotton, second leaves. 


Number | Number 


Number 
Character of sweet. of obser- oipwee: oe ay 
Tone toe vilsa 
‘| eotton. | sweets. 
Pie MSGS OMe eee ee ee eee at eR ea 20 25 i! 
| SARTO LAREIECC U7 ELCs, Me ne na Ree © Sice  aE A ae ee a an En ere eC 13 29 5 
COMIMOTI MA GASSES CAME Oran. Coe he ao eed ya cane ce cise wcitencawells 18 42 4 
BLOW AL-SUP AT SURI s, COMO Salata ec kate esc ales ie be eink lenses Ric low aaie ns eee 21 48 8 
AOR et Nene Seon WARN SIS een Ne 9 Sa Re RE gr = ee ea 72 144 18 
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These figures become exceedingly striking in consideration of the 
fact that the cotton leaves were often purposely left until they became 
moldy and decayed or dried and wholly unfit for food. It was at such 
times that most of the weevils sought the sweet in preference. Should 
we leave out of the account the weevils found at the molasses or sirup 
when the cotton was unfit for food, the number attracted there would 
be reduced fuily one-half. In either case the fact remains that none of 
the sweets can be said to have attracted weevils from the cotton leaves. 


INFLUENCE OF SWEETENED WATER UPON FEEDING OF WEEVILS 
ON COTTON PLANTS. 


It is easy to demonstrate that weevils will in confinement feed upon 
sweet solutions. To prove that they will show the same attraction to 
such solutions in the field is a far more difficult matter. 

For the purpose of these experiments, cheap molasses was used, 
mixing 1 part of molasses with 25 parts of water, as is generally 
recommended in spraying formule. Three pairs of young plants 
which had not begun to square were then selected from those growing 
upon the laboratory grounds. The plants in each pair were of equal 
size, and both in healthy condition and standing closely enough together 
to be both covered by one cage. One plant of each pair was then 
dipped in the sweetened water, while the other was left in its natural 
condition. In each of the cages 10 weevils were then placed upon 
the ground and midway between the bases of the plants. The object 
of the test was to see which plant, the treated or untreated, would 
attract the larger number of weevils. During the first three days 
observations were made several times each day. Weevils found upon 
either plant were counted at each observation. 

A summary of the observations made on the first day before the 
liquid had dried showed 15 weevils upon the sweetened plants and 16 
on those not sweetened. These results were so remarkably even that 
no attraction or repulsion could be ascribed to the liquid before it dried. 

During the ten days covered by the observations, however, 63 wee- 
vils were found upon the unsweetened plants and only 45 upon those 
sweetened. The weevils fed largely upon the petioles and somewhat 
upon the blades of the leaves and the main stems of the plants. No 
indication was observed of special feeding upon the ‘‘ gloss” left by 
the drying of the sweetened water. In each cage the normal untreated 
plant was destroyed before the treated one. During the first half of. 
the observations 52 weevils were found feeding upon the unsweetened 
plants and only 32 upon the sweetened. Only after every leaf on the 
untreated plants hung black and dead, while the sweetened plants 
were in much better condition, did more weevils attack the sweetened 
plants. 
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Not only did these tests show that molasses in solution has no attrac- 


tion for the weevils, but also that the sticky coating left after the 


liquid has dried acts more as a positive repellant to them. 


FIELD TESTS FOR HIBERNATED WEEVILS, USING PURE 
MOLASSES. 


Asa final experiment to settle the possible usefulness of molasses 
in the weevil fight, a large series of tests was undertaken in the field 
to see if the pure, undiluted molasses would not prove attractive to 
weevils as they came from hibernation. To insure a continuous sup- 
ply of fresh molasses a test tube was nearly filled and then rather 
tightly plugged with a small stopper wound with cotton. The tube 
was then fastened in an inverted position to the top of a stake about 
2 feet long, and as the molasses gradually oozed through the cotton 
it ran slowly down the stake, forming a streak of ‘continuously fresh 
molasses a foot or more in length. The supply would thus last for 
several days and was then easily replenished. Thisapparatus, as shown 


in Plate XIII, figure 58, was then placed beside a vigorous seppa cotton. 


plant in the field at the season when the weevils were beginning te leave 
their winter quarters and seek food to break their long fast. Both 
high and low grades of molasses were employed in these tests, three 
tubes of each being used. Altogether 84 observations were made 
between April 24 and May 15, 1903, during which period most of the 
weevils emerged from ina reben: 

The results again proved disappointing, for only a single weevil was 
ever found at the molasses. This individual sipped occasionally at the 
sweet, wandering up and down the tube in the intervals. It did not 
appear to be'satisfied and did not remain long at or near the molasses, 
but flew away and was not found there again. 

The failure of the molasses to attract was not ees to the scarcity of 
weevils in the field. During the period of observation 23 weevils were 
found working upon seppa cotton very near the molasses tubes, and 
certainly within reach of its attractive influence, provided it had any. 
More weevils were also found in the same field, but at somewhat greater 
distances from the tubes. 

During the warm days toward the close of the experiment many 


butterflies, mostly Vanessa atalanta and some Anosia plexippus, came- 


to the tubes. A few specimens representing several species of beetles 
and many ants were also found. 

‘None of the experiments made, either in the laboratory or in the 
field at Victoria, Tex., has shown that weevils are attracted in even the 
slightest degree to any grade of molasses, either in its undiluted or 
diluted form. No sugar solution has been found to possess any more 
attraction than does molasses. Honey appears to be an especially 
attractive sweet, but is too expensive for use in this manner. 


/ 
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Considering the facts that these experiments haye been much more 
numerous and that they have covered a much broader range of con- 
ditions than any previously performed, we must conclude that it yet 
remains to be shown that sweets of any kind have any value in s 
problem of controlling the boll weevil. | 


FEIGNING DEATH. 


This interesting habit of the weevil is its first resort as a means of 
escape from its larger enemies. It has been the basis of many machines 
designed to jar them from the plants and to collect them in convenient 
receptacles. If jarred from the plant, the weevil falls to the ground, 
with its legs drawn up closely against the body and the antennz 
retracted against the snout, which is brought inward toward the legs. 
The position is characteristic and can be more. easily shown than 
described. (See Pl. XIII, figs. 59 and 60.) In this position it often 
remains motionless for some time. If further disturbed, so that it finds 
that its ruse has failed to conceal it, it will start up quickly, run a little 
way, and again fall over, feigning death. The color of the weevil 
so closely resembles that of the ground that it is quite difficult to find 
a fallen individual so long as it remains quiet. The habit is of great 
value in protection. If left undisturbed until it believes danger to 
be past, it recovers its footing and returns to the plant. Frequently a 
disturbed weevil has been observed to fall, but before reaching the 
ground it would spread its wing covers and wings and sail off obliquely 
to some distance. In other cases, after fallmg they would suddenly 
catch some portion of the plant touched and hide so quickly that it 
was very difficult to follow them. 


REPRODUCTION. 


Under this general heading we present some of the most interesting 
observations which have been made upon the habits of the boll weevil. 
The relation of the sexes, the evident selection of clean squares for 
ego deposition, the great destructive power of the weevil, the rapidity 
of development, and the influence of varying temperatures upon its 
activity and development may also be classed as among the most 
important as well as most interesting observations. 


METHOD OF MAKING FIELD OBSERVATIONS UPON WORK OF 
WEEVIL. 


For the purpose of field study large cages (3 by 3 by 4 feet) were 
made, the covering being of fine wire screening (Pl. XIII, fig. 61). 
Uninfested plants having plenty of squares were found by a careful 
examination of each square, and inclosed by the cages. The number 
of weevils placed in each cage was varied according to the number of 
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squares within, ranging from 2 to 5 at various times. In making the 
daily observations the cage was entered and every square examined. 
Each square found attacked in any way was marked with a numbered 
tag containing full data as to the lot of weevils and the number pres- 
ent, date, and nature of injury. After all weevils had been found 
the cages were removed to new uninfested plants for another day’s 
work. Close watch was kept upon all tagged squares upon succeed- 
ing days, and every important change taking place in each square 
was added to the record on the tag. The additional special points 
noted in each case, so far as was possible, were: The formation of 
a distinct wart; time of flaring, yellowing, and falling; the emer- 
gence of adult; presence of a parasite; death of larva, pupa, etc. A 
very complete history of each square was thus obtained. During 
the season of 1903 three special periods were selected for study of this 
kind. The first was taken during the early part of June, when hiber- 
nated weevils only were active, the second was taken in August for 
the work in midsummer, and the third in the latter part of October 
for the study of the development of late weevils. Altogether in these 
three series over a thousand squares were tagged and recorded. The 
work of males was compared with that of females in this way, as were 
also the developmental periods in squares and bolls. Nearly 1,500 
more of these records were obtained in the work of 1904. Although 
_ requiring a great deal of time and close attention, the numerous defi- 
nite observations obtained abundantly justified the work required. 


FERTILIZATION. 
AGE OF BEGINNING COPULATION. 


After the adult weevils have left the squares a certain period of 
feeding is necessary before they arrive at full sexual maturity. This 
period varies in length according to the effective temperature prevail- 
ing, and appears to bear about the same ratio to the developmental 
, aoe as does the pupal stage. 

Among the many weevils kept from emergence till death for the 
purpose of ascertaining the length of life Sia food, copulation 
was never observed. With weevils fed upon leaves ane the period 
preceding copulation is about twice the normal length, in the cases 
observed, of those having squares to feed upon. 


During the hot weather this period appears to be on the average - 


only about three or four days in length, while as the weather becomes 
colder it increases gradually until weevils may become adult, feed for 
a time, and go into hibernation without having mated. 
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SEXUAL ATTRACTION AND DURATION OF COPULATION. 


The distance through which the attraction of the female insect will 
influence the male varies extremely. To ascertain how far the attrac- 
tion might be exerted in the case of the boll weevil, 2 females were 
confined with food in a small bottle covered with cheese cloth, and the 
bottle was then placed in a horizontal position inside a field cage and 
near its top. Within this cage were 3 males which had been confined 
there alone for 4 weeks. The bottle containing the females was so 
placed as to be within a few inches of the top of a cotton plant upon 
which the males were working and touching the leaves of the plant, 
in order to afford the males access to the bottle without having to fly 
LO it. 

Close watch was kept, but during 11 dae not a male was seen to 
go near the bottle. At the end of that time the females were taken 
into the laboratory, as was also one of the males from the cage. All 
were removed from squares and, being placed upon the table, were 
brought gradually nearer together. The male paid no attention what- 
ever to the nearer female until brought within an inch of her. He 
then went directly to her. The sense of smell appeared to guide his 
movements. The fact that this male mated readily with both of the 
females used in the cage shows that the only reason for failure to 
attract in the cage lay in too great distance separating the sexes. 

These observations are entirely borne out by those made in the field. 
. The fact appears to be that the sexes are attracted ouly when they 
meet, as they are likely te do, either on the stems or upon the squares 
of a plant. The comparative inactivity of the male may have some 
relation to this matter. The general conclusion is that instead of 
seeking widely for the females, the males are content to wait for them 
to come their way. The greater comparative activity of females is 
shown in the study of their food habits. | : 

In a considerable number of cases that were timed the average dura- 
tion of the sexual act was very nearly thirty minutes. 


DURATION OF FERTILITY IN ISOLATED FEMALES. 


A number of females which were known to have mated were isolated 
to determine this point. Although neither limit was exactly deter-. 
mined, the results proved very striking. Several of these females. 
laid over 225 eggs each and nearly all of them proved fertile. Select- 
ing three cases in which the facts are positively known, it appears that 
fertility lasted for an average of something over 66 days and that 
during this period these females deposited an average of nearly 200. 
egos. The maximum limits may possibly be considerably higher than 
these. A single union seems to insure the fertility of as many eggs as 
the average female will lay, and its potency certainly lasts for a period 
fully equal to the average duration of life. 


is 
OVIPOSITION. 
AGE OF BEGINNING OVIPOSITION. 


Normal oviposition seems never to take place until after fertilization 
has been accomplished, but it usually begins soon after that. Obser- 
vations upon the age at which the first eggs are deposited can be made 
more easily and more positively than those upon the age at which fer- 
tilization takes place. In a general way, therefore, the observations 
here given may be considered as also throwing light upon the time of 
beginning copulation. 

In the breeding of weevils from eggs deposited by ibe ated females 
a number of observations accumulated upon this point, and another 
series was made in the fali of 1902. The results of both series are 
given in Table XVI. 


TaBLE X VI.—Age of beginning oviposition. 


WEEVILS OF FIRST GENERATION, 1903. 


Number | r : 
Date adult. Date of first egg. of fe- ay Wee 
males. ; Bie 
1903. 19¢3. Days. 
STS (Ss PO Qin SR Race eee en ee ne ne ANDGEKE NIL THO) ej a ocme oes 3 9.0 27.0 
ARES TA) os est OS BOSE Se eee ee ae ee UME OSs eee eee ft 9.0 9.0 
SITES TS cs Sept ee oe cm ee ree ibe aver Tee ses Soe aes 7 5.0 35. 0 
ARIE TE 3 2 Sey SRE Se ea mea Be | (ge GOR eater eee ik 4.0 4.0 
IND 5 sc5W a ROE ase eRe eee oe a ee SDH aE Ss ar ee 2 7.0 14.0 
EE SOUE) TSS 3 1, iS US eee er en AED USS Toa Se chaste 4 5.0 20.0 
wR Sy TS TET TE A oy gr En CKO et arene eae 5 5 5.0 25.0 
REL M len ene Seo eS ac sae cise om niides es (Sen oe COVE eee ise 4 4.0 1650 
TE DTP csc dc eRe ee ee a HI cr 150.0 
PR Capa e Rane TIA CL Ube one sone ae eee al Se See ag uesk aes oe ot wee dee (Rie Sos cee 5.54 
WEEVILS BRED IN FALL OF 1902. 
1902. 1902. 
SELDEN Cie 4 Ta rece ea a September 17......... 3 we 
PMR aoe Fe a cic swear deienties September 6... -22.2- 5 5.0 - 
Beet er te cee oe coe eS ek Se se Octobersltns- =... = 4 .0 
INO WenTDerO toni ss: 25322 Ae ek. oS November 16 to 17.... 7 .0 
(Oy 25) 001] 029 0 LT Ie aS cape ce = re ee ee November 19 ........- 3 24.0 
Ota ome =e Ose oe a Re eee eee as Sa RE a ee ok CAEL 22 201.5 
RAGES eee UDP Case eC UE ger emir a en oe eis eae ha ate eles aes ele lato 9,0+ 


The average time of 5.5 days, as shown by the first generation, is 
probably about a day and a half longer than the minimum average 
period during the hottest weather, while the 9-day average found from 
September 4 to November 11 is considerably short of the maximum 
average just before hibernation. 

‘In general the observations made in 1904 upon this point agree 
closely with the foregoing, so they need not be added. 


EXAMINATION OF SQUARES BEFORE OVIPOSITION. 


In the course of a great many observations upon oviposition it was 
found that females almost invariably examine a square quite carefully 
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before they will begin a puncture for egg deposition. This examina- 
tion is conducted entirely by means of senses located in the antennz 
and not at all by sight. In fact, the sense of sight appears to be of 
comparatively small use to this weevil. 

In regard to the actual time spent in the work of examination before 
beginning a puncture 60 observations were recorded. ‘These show 
that the average time is over two minutes. 

This examination of squares is made by females oak when they 
intend to oviposit. Males have never been observed acting in this 
way, nor do females generally do so when their only object is to feed. 


SELECTION OF UNINFESTED SQUARES FOR OVIPOSITION. 


_§o unerring is the sense by which examination is made that ina 
few cases it was able to discover an infested condition no external sign 
of which was visible to the writer’s eye. A female which was under 
close observation examined in the usual manner the square given her, 
but though evidently searching for a place to oviposit and anxious to 
do so, she plainly objected to placing an egg in that particular square. — 
The writer again examined the square carefully, but found no sign of 
infestation and replaced it in the observation cage. Again the female 
made her usual careful examination and still she plainly refused to 
oviposit. Upon removing the covering from the square it was found 
to contain an egg, but the puncture made in depositing it had healed 
so smoothly that it had thrice escaped observation. The same female 
was then given two squares, one of which was known to be infested, 
the latter being placed nearer her. She examined it carefully, then 
left it, and went at once to the clean square, in which, after the usual 
examination, she deposited an egg. 

The acuteness and accuracy of the preliminary examination is also 
well shown by the fact that when provided with more squares than 
they have eggs to deposit they rarely place more than one egg in a 
square. It was frequently found, however, that when a female depos- 
ited just as many eggs as there were squares present she would place 
two eggs in one and then make only feeding punctures in the remain- 
ing square. | 

The observations were made upon a large number of females; so 
there can be no doubt that the habit of selection is general. The 
conditions provided in these experiments were intended to resemble 
those existing in a slightly infested field early in the season, where each 
female could easily find an abundance of clean squares in which to 
deposit her eggs. Therefore only those cases were recorded in which 
the number of squares present equaled or exceeded the number of 
egos deposited. Where a totally infested condition is reached no 
choice between infested and uninfested squares could be exercised, 
and then unless the female happened to be in a condition to refrain 
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from oviposition she would be forced to deposit more than one egg 
in a square. 

~ Not only do females show a strong inclination to place only one egg 
in each square, but they also object to making both egg and feeding 
punctures in the same square. That these conclusions are well 
grounded may best be shown by giving a summary of two long series 
of observations, the first made in the laboratory in the fall of 1902 
and the other made in the field partly in the fall of 1902 and partly in 
the spring of 1903. 


LABORATORY OBSERVATIONS, 


Nine females were used in this series of experiments. The time 
followed varied with each individual, but ranged from October 23 to 
December 18, 1902. During this period a total of 868 uninfested 
squares was supplied to these 9 females. Of these squares 238 were 
not touched, while 630 were punctured, either for oviposition or for 
feeding or for both. The general results are here summarized in 
tabular form. 


TaBLE X VII. —Selection of squares and relation of feeding to oviposition. 


Squares |- equate 
No. encemee Squares aah o Squares with Squares 

_of fe- Period of observation. oe ied with 1 Seas, fed on both un- 

male. sds ‘\egg each. ea only. |eggs and | touched. 
| ve feeding. : 
1902. ey 

17 October 23 to November 15...... 135 72 2 25 1 3m 
. 2 | October 23 to November 27 ...... tay 102 2 29 fi sil 
3 | October 25 to November 7....-... 96 74 4. 8 al 9 
4 | October 23 to October 28......... 32 13 0 6 4 9 
5 | October 23 to October 28.........- 38 30 il 2 2 3 
6 | November 10 to December 5..... 91 34 0 5 i 51 
7 | November 10 to November 25.... 75 41 3 7 aL 23 
8 | November 10 to December 18.... 107 48 1 oD ah 45 
9 | November 11 to December 12...- 123 63 6 16 6 32 
SE Ee me ee 868 477 | 19 110 24 | 238 


_ A little caleulation from these results shows that 82.5+ per cent of 
all squares attacked received eggs and that 91.7+ per cent of all 
squares oviposited in received only one egg each. The squares which 
were fed upon formed only 17.5— per cent of the total number 
attacked, and those receiving both egg and feeding punctures consti- 
tuted only 3.8 per cent. The squares receiving two eggs each also 
formed 3.8 per cent of all. the squares which received eggs only. 

_ The tendency to confine egg and feeding punctures to separate 
squares is strongly emphasized by the fact that in 17 instances, in 
which a total of 116 squares was provided, 91 received eggs only, while 
the remaining 25 were fed upon only; another total of 78 squares 
received 88 eggs in 72 of them, while the remaining 6 were fed upon 
only. As these two lots include nearly one-third of all the squares 
punctured, the tendency may be clearly seen. 
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FIELD OBSERVATIONS. 


For one series of observations 500 infested squares were picked 
promiscuously in the field between May 28 and June 9, 1908. : 

A previous field examination was made about the middle of Septem- 
ber, 1902, and this furnishes some very interesting comparisons as to 
the weevil’s work upon the squares, especially at the beginning of the 
infestation and after it had reached its height. To facilitate an easy 
comparison, the results are arranged in Table XVIII. 


TaBLe X VIII.—General results of observations upon selection of squares. 


rs} : P Squares with} | . 
© |Squares with Se both egg | Squares fed 
5) 1 egg each, 1 egg each and feeding on only. 
8 * | punctures. 
as) 
@ SG Oo. ron ron 
es ° aA one of of 
2 eae fe) ap S 2e do tos 
ia = Hq «|S aF ot So a os Ag as 
Oe epee ek eee 5) =o o = ot 
a te) G2e gs To} Awd 2 om 2 An 
cl o_o & oY oO vo _, 
s H (9h 0%) Bo -eets aes og q oS 
© | B |G@SHe| 5 | Gar] os 5 os 
‘= A ie GZ Oy GZ Ay +5 ZG Au 


Squares infested in laboratory 
Oct. 2310 Dee, 27 1002. ares eens 
Squares picked in field May 28 to 
PURE ON Shes soak eae eee ne eee 
. Squares picked in field Sept. 17 to 


o4 | 8.8 1 ene 6 
50| 10.0} 110] 20.0 


Pip zm No [PARE NARDIN ley ea hae Be a 46 45 16 15.2 
Pot leiie ie Peis ee ee ni 120: eae 2363) eer ea & 
Average percentage,- 2.025222 |. .300 2|Secc ee) 8402 Wes nl SSSA |e 18.3 


“A few obvious conclusions may well be stated here. Throughout 
the season from one-fifth to one-sixth of the squares injured were 
destroyed by feeding punctures alone. Within this small portion 
must be included most of the work of males and also of newly 
emerged females before they reach sexual maturity. As the weevil 
injury overtakes the production of squares it becomes increasingly 
dificult for females to find clean squares, and they are forced to 
deposit eggs in squares already injured and also to feed upon squares 
which already contain eggs. These conditions serve to increase most 
rapidly the proportion of squares containing both egg and feeding 
punctures. This is still further emphasized by the fact that in June 
only 80 per cent of all injured squares contained feeding punctures, 
while in September nearly 60 per cent had been thus injured. When 
females have access to an abundance of squares, they will deposit 
more than one egg only in about one-fifth of those in which they ovi- 
posit, while the proportion of those having both egg and feeding 
punctures is still smaller. 

The tendencies to keep egg and feeding punctures separate, as well 
as to deposit only one egg in a square, serve to produce the greatest 
injury of which the weevils are capable, for two obvious reasons: First, 
because where several eggs are placed in one square it is rarely the 
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OVIPOSITION IN SQUARES AND BOLLS. 


Fig. 62, Longitudinal section through square, showing egg puncture and location of egg among 
anthers, enlarged two diameters; fig. 63, inner side of a hull stripped from a boll, showing two 
eggs at inner surface, enlarged four diameters; fig. 64, section of boll showing egg punctures 
and location of egg, enlarged two diameters; fig. 65, wart formed on side of square, healing 
egg puncture, natural size (original). 
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case that more than one larva develops. If two or more hatch ina 
square, one is likely to destroy the others when their feeding brings 
them together. They bite savagely at anything which irritates them, 
and larve have been found in the actual death struggle. Secondly, 
should eggs be placed in squares which already contain a partly 
grown larva, those hatching would likely find the quality of the food 
so poor that they would soon die without having made much growth. 
One egg will insure the destruction of the square, and a number of 
eggs, could all the larve live, would do no more. Therefore it is 
plain that the possible number of offspring of a single female is increased 
directly in proportion to the number of her eggs that she places one 
in a square, and favorable food conditions for the larva are best 
maintained by avoiding feeding upon squares in which eggs have 
been deposited, and also by refraining from ovipositing in squares 
which have been much fed upon. ‘These habits of selection are, there- 
fore, of the greatest importance in the reproduction of the weevil, 
since they insure the most favorable conditions for the maturity of 
the largest possible number of offspring. In other words, these habits 
enable the weevil to do the greatest damage of which it is capable 
while the cotton crop is *‘ making.” 

These habits are perhaps less strongly marked in the case of bolls, 
though still plainly manifested. Feeding and ovipositing are common 
in the same boll, but unless the infestation is very great indeed it 
appears that only rarely is more than one egg placed in one lock, 
though several are often deposited in the same boll. The number 
deposited depends considerably upon the size of the boll. The smallest, 
which have just set, receive but one, as do the squares, and these fall 
and produce the adult weevil at about the same period as in the case 
of squares. Bolls which are larger when they become infested are 
' often found to be thickly punctured and sometimes contain 6 or 8 
larve. The weevil seems to know when the food supply is sufficient 
to support a number of larve and deposits eggs accordingly. 


ACTIVITY OF WEEVILS IN DIFFERENT PARTS OF THE DAY. 


The 5 females used in these tests were kept in a field cage on pre- 
viously uninfested plants, and examinations of their work were made 
mostly at four-hour intervals from 6 a.m. to 6 p.m. The exact work 
found was recorded upon tags attached to the squares themselves. 
Temperature readings were taken at the same time as the observa- 
tions. The results are most clearly presented in tabular form (p. 82). 


16780—No. 51—05 6 


82 


TABLE XIX.—Aetivity of five weevils in different parts of the day. 


eek 
3 e = 
; |oglug| Be | 
5 aii 8 |" | Condition of| - 
Date. Period. 5 fap te ae) tae weevil at end|- Remarks. 
Fa HS )oa| ha of peri 
v 3 = i eae 
|g? | 8/28 
a 3 5 5 a 
eH A A A 
* 1903. Cae 
Septe 2: ---b 2 Siete Gp: ms gen. - 93-80 16 15 10 | Placed on fresh 
= i 
Sept. 2-3:...| 6 p.m. te 6a,m-.....-- 80-69 3 1 2| All resting i apaieteiets |: Hee black 
Sept, 3:.....} 6. Lx toe. 10: 15 a.m .-..- | 69-85 12 10 2 All ACHNGs2---25ce 3 irying to i a 
cage 
1: (Oe eame 10 40 a.m.to2.40:p.m-.} 85-95 18 15 bt 9 eee Dr. 52) ok Sapte Cage sean 
Pou: . 3 bO/Gr50) Dy I. see 95-84 12 it 6 Placed on fresh 
pia. 
Sept. 34 ...} 6.30 p.m.to6a.m....| 8468 | 3 1 3 | All ae Me eee Feeding punc- 
| | tures all biack; 
| small square 
: flared. 
Sept. 4 6,30 told a.m 2255585. 68-83 4 a 4 | 3 moving to ad- : 
jacent squares. 
iL eas a a.m. to 4p.m.....- 83-91 24 19 12 | All active. : 
Bo... p4eto pei: 22a sae 91-82 11 8 5 | All quiet. 
Sept. 4-5... es fo acne 82-79 5 0! 6} All feeding ....... Cloudy; every 
weevil on same 
square as at 6 
p.m. 
DOAN 2 255) 29 2S eee 108 81 60 


An exanfination of these figures shows that weevil activity began 
and ceased at about 75° F. Activity increased as the temperature 
‘rose, and its maximum coincided with the maximum of daily tem- 


TIM 
ber yaaa T eta ee 
aes sae eae ss s.ClUCUC™ 
Tee TT TEL Fl | ee, CS 
ieee ees Aaeseea cs. 
Cy AEE one 
Se oe ee P aeeee | 
oP KL | ld ert] | Neeprape Cel vely of five fentale wpeopis| | | 
Pee ie pet oft depen bor ay, 704 fT] 
PSC eo 
ee BER POR ESP fbb Pore BoE is ae 


Fic. 3.—Diagram showiag average activity of five female weevils (original). 


perature. It then decreased with the falling temperature until it 
ceased entirely some time during the evening, probably at about 
75° F. (See fig. 8.) Feeding continued at lower temperatures than 
oviposition, as is known to be the case during the late fall. 
Examinations made in the field between 6 and 7 a. m. on Septem- 


ber 4 showed that all weevils, both males and females, were quietly — 
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resting at that time with the temperature at about 70° F. On cloudy 
days the activity is less than it is on clear days. 

During the warmest portion of the season in 1904 a series of obser- 
vations was. made upon the night movement of weevils. Two obser- 
vations were made daily—one at about 8 p. m., to note the location of 
the weevils, and the other between 6.30 and 7 a. m. to see if the weevils 
moyed. The average temperature for the period was high, ranging 
from 80° F. at 8 p.m. to 73° F. for minimum temperature, and rising 
to 76° F. at 6.45 a.m. The total number of observations showed 25 
movements during a total of 134 nights. This means that only 18.6 per 
-cent of weevils moved after 8 p. m., even during very warm weather. 


PLACE OF EGG DEPOSITION. 


The location of egg punctures, while variable, still shows some selec- 
tion on the part of the weevil. This may be due partly to the form 
of the squares and partly also to the size of the weevil, but whatever 
the explanation the fact remains that in a majority of cases the egg 
puncture is made on a line about halfway between the base and tip of 
the square. When so placed the egg comes to rest either just inside 
the base of a petal or among the lowest anthers in the square, accord- 
ing to the varying thickness of the floral coverings at that point (PI. 
XIV, fig. 62). Punetures are very rarely made below this line, though 
they are sometimes made nearer the tip. Almost invariably the ege 
puncture is started through the calyx in preference to the more tender 
portion of the square, where the corolla only would need to be pune- 
tured. The reason for the choice of this location may be found under 
the subject of the ‘‘ Relation of warts to oviposition,” on page 88. 

With bolls no selection of any particular location has been found, 
but eggs seem to be placed in almost any portion. See Plate XIV, 
figures 63 and 64. 


POSITION OF THE WEEVIL WHILE PUNCTURING FOR OVIPOSITION. 


While engaged in making egg punctures the favorite position of 
the weevil is with its body parallel to the long axis of the square and 
its head toward the base of the same. The tip of the weevil’s body 
is thus brought near the apex of the medium size square. Having 
selected her Jocation, the female takes a firm hold upon the sides of 
the square and completes her puncture while in this position. It may 
be that the position described is especially favorable for obtaining a 
firm and even hold, and this may have something to do with the reg- 
ularity with which it is assumed. If so, the apparent choice of this 
location for the puncture is only partially explained, since it has been 
often shown that weevils can puncture and oviposit successfully in 
almost any portion of the square except its very tip. 
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Undoubtedly there are other reasons than those of mere conyen- 
ience which have so impressed themselves upon the inherited experi- _ 
ence of the weevils as to lead them to the choice of this position and 
the consequent location of the punctures and eggs. Most apparent 
of these reasons, and probably also most important, is the advantage 
which this ibeaaon affords in the protection of the egg and the young 
larva developing from it against the attacks of natural enemies as 
well as from the injurious effects of drying and decay. 

This protection is readily explained by several facts. The place 
chosen is through the thickest and toughest portion of the floral 
envelopes through which the anthers can be reached, since the thick- 
est parts of both calyx and corolla are toward ye bases. More 
important than the thickness of the layers of vegetable matter is the 
character of the tissues through which the puncture passes. Though 
corolla and calyx are both modifications of original leaf tissue, both 
_ have changed so greatly in form and texture that the resemblance is 
recognized only by those somewhat acquainted with plant structure. 
The corolla, moreover, has changed far more than has the calyx, and 
in becoming so highly specialized its tissue has lost certain .powers 
still retained by the green calyx tissue. The particular power referred 
to in this connection is the ability to heal small wounds. Punctures 
made in the corolla must, therefore, remain open, while small punc- 
tures through the calyx will in most cases be healed by the natural © 
outgrowth of the tissue, so as to completely fill the wounds in a man- 
ner entirely analogous fo the: healing of wounds in the bark of a tree. 
The custom of ane weevil of sealing up its egg punctures with a mix- 
ture of a mucous substance and excrement is of great advantage and 
assistance to the plant in the healing process. While undoubtedly 
applied primarily as a protection to the egg, it serves to keep the 
punctured tissues from drying and decay, and thus promotes the 
process of repair. 

Asa result of the growth thus stimulated in the calyx, the wound - 
is perfectly healed in a short time, and, as is the case in the healing of 
the bark of trees, here also we End a gece cutgrowth projecting above 
the general surface plane. ‘This prominence the writer has termed a 
‘‘wart” (Pl. XIV, fig. 65). The healing is completed even before the 
hatching of the egg takes place, and thus both egg and larva partake 
of the benefit of its protection. 

It is possible for the puncture to heal without the full development 
of the wart, and it is also possible for eggs to develop successfully 
even when the puncture was made through the corolla alone and no 
wart developed, but in the latter case the chances are rather against 
it. Occasionally warts do develop from feeding punctures which were 
small, but the exact conditions under which this takes place have not 
been deteemined 
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EFFECTS OF WEEVIL ATTACK. 


Fig. 66, External appearance of two egg punctures in square; fig. 67, small square widely flared 
from two feeding punctures; fig. 68, infested squares fallen to ground—figs. 66 and 67 enlarged 
to one and one-half diameters (original). 
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THE ACT OF OVIPOSITION. 


The general process of making punctures has been described pre- 
‘viously under the topic of ‘‘ Food habits” (p. 50), and will therefore 
not be repeated here. Having completed the formation of the egg 
cavity, the female withdraws her proboscis and turns end for end. 
She depresses the tip of her abdomen and locates therewith the open- 
ing to the cavity by feeling or scraping around. In a majority of 
cases the opening is readily found, but sometimes it is not. Then the 
female seems often to lose all sense of locality, but continues scraping 
with the tip of her abdomen: If she is still unsuccessful, she turns 
and continues the search by means of the antenne, just as in the pre- 
liminary examination of a square before beginning a puncture. 

In many cases females were noticed to actually place the tip of the 
proboscis within the opening of the cavity without seeming to be 
aware of its proximity. When the cavity has been found again by 
the antennal senses, the female invariably enlarges it before turning 
again to insert the ovipositor. If the search with the antennz does 
not prove successful, the female will make another puncture in the 
same manner as at first, appearing to know that no egg has yet been 
placed in that square. 

After locating the cavity by the tip of the abdomen, the ovipositor _ 
is first protruded to the bottom of the cavity, in which it appears to 
be firmly held in position by the two terminal papille and the power 
of enlarging the terminal portion of the ovipositor. Slight contrac- 
tions of the abdomen occur while this insertion is being made. Ina 
few moments much stronger contractions may be seen, and often a 
firmer hold is taken with the hind legs as the egg is passed from the 
body, and its movement may be seen as it is forced along within the 
ovipositor and down into the puncture. Only a few seconds are 
required to complete the deposition after the egg enters the opening 
to the cavity. The ovipositor is then withdrawn, and just as the tip 
of it leaves the cavity a quantity of mucilaginous material, usually 
mixed with some solid excrement, is forced into the opening and 
smeared around over the same by means of the tip of the abdomen. 
This seals the egg puncture, and the act of oviposition becomes com- 
plete (Pl. XV, fig. 66). 


TIME REQUIRED TO DEPOSIT AN EGG. 


-Observations upon this point were very conveniently made by con- 
fining females upon squares from which the involucres had been 
. removed. A plain glass cover allowed accurate observations, which 
were made to the fraction of a minute. The time required to com- 
plete the excavation and the time required to place the egg were the 
two points especially noted. 
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The time of making the puncture was. noted in 115 instances, and 
_ this was found to average 54 minutes. The time varied widely, being 


from 1 to 13 minutes; the usual range was from 4 to 8 minutes. From 


the time that the weevil began to puncture till the sealing of the cay- 
ity, the complete act of oviposition required in 103 instances an aver- 
age of slightly over 7; minutes, ranging in time from 3 to 16 minutes. 

As these observations were made between October 7 and 23, the 


periods given may be slightly longer than they would be in warmer 


weather. However, various observations made in the field in mid- 
summer agree very closely with the averages given. 


RATE OF OVIPOSITION. 


Since the pertod of reproductive activity of the boll weevil is so 
long, the rate at which eggs are deposited is a question requiring much 
time for its determination. There have been found great variations 
in the rate at different seasons, and it is clear that oviposition is even 
more strongly influenced by variations in temperature than is feeding. 
The rate sometimes varies unaccountably and very abruptly with the 
same female upon succeeding days. No explanation for this has as 
yet been found. The rate is influenced, also, by the abundance of 
clean squares which the weevil can find, so that it is greater in the 
early season, as the degree of infestation is approaching its limit, than 
_ after infestation has reached its maximum. xi 

Two extended series of observations have been made to determine 
especially the normal average and the maximum egg-laying ability of 
the females. 


AVERAGE. 


Taking first 54 females which had gone through hibernation, we 
find that they deposited on the average 23 eggs each daily in the 
laboratory, and 4 females which were followed under field conditions 
for a total of 93 ‘‘ weevil-days” deposited 489 eggs during that time, or 
at the rate of 54 eggs each per day. Where the rate of activity is so 
great it is probable that the length of the period would be somewhat, 
but not proportionately, shortened. From many observations made 
in the field during the beginning of the squaring season it seems prob- 
able that a rate of 5 eggs a day is not far from the average in the field. 
This conclusion is confirmed by the observations of 1904. 

From 27 females of the first generation a laboratory average rate of 

x eges each daily was obtained. Five females of this generation 
confined in a cage in the field during the latter part of August for a 


total of 70 ‘“*weevil-days” deposited an average of 64 eggs per day. © 


This latter rate is far beyond the actual average rate in the field at 
that period, because of the fact that the weevils can not at that time 
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find enough te ieiases squares to lead them to deposit so many eggs, 
but the possibility remains if only squares enough are present. 

A few words must be said in further explanation of the differences 
which appear between the field and laboratory results. In the case 
of the laboratory figures the entire oviposition period of each weevil 
and the entire number of eggs deposited are taken into the account. 
As there is a gradual increase in the rate of production of eggs after 
the beginning of deposition and a gradual decrease from the middle 
‘of the period to its end, the general average is much lower than would 
_be that taken at the time of maximum activity. In the case of the 
_ field figures a short period only is covered, and all conditions of square 
supply were such as to stimulate the weevil to its greatest normal 
activity. 


MAXIMUM. 


The daily observations made upon the weevils in the laboratory 
supply a vast number of observations from which to select maximum 
firures. It has been shown that under favorable conditions weevils 
may be expected to produce an average of 6 eggs a day for a consid- 
erable period of time. Itis not surprising, therefore, that some of the 
maximum figures obtained are very much larger than that number. 
A few instances only will be taken from among thousands of daily 
records. 

The highest record of eggs deposited shows that 2 small females 
deposited together 108 eggs in 3 days, or at the daily rate of 18 eggs 
each. This record was made on the 7th, 8th, and 9th of June, 1903. 


TABLE XX.—Maximum rate of oviposition. 


Number Days in- | Total Number} Daysin-| Total 

oO cluded | eggs de- Pe e of cluded | eggs de- pees 
females. jin periods posited. Pp Y- || females. lin period.) posited. P y- 

2 3 108 18.0 2 2 43 10.8 

1 5 76 Ip. 2 1 3 30 10.0 

2 5 160 16.0 2 5 114 11.4 

5 1 55 1 3 2 54 9.0 

2 2 47 11.8 5 1 42 8.4 

iD 16 446 13.5 13 13 283 9.5 


STIMULATING EFFECT OF ABUNDANCE OF SQUARES UPON EGG 
DEPOSITION. 


_ Four actively laying females were confined together upon a few 
squares from September 22 till October 14, 1902, and during this 
period they laid a total of 297 eggs, or an average of 2.37 eggs per 
weevil per day. For the next 13 oon these same weevils were isolated 
and supplied with an abundance of squares. During this shorter 
period they laid 236 eggs, or 4.54 eggs per female daily. 
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Taking equal periods as near together as possible and using these 
same weevils, there were deposited in 13 days upon a few squares 
144 eggs, or 2.74 eggs per female daily, while during the following 13 
days, with an abundance of squares, they each deposited. 4.54 eggs 
a day. 

These figures are the more striking because the atinelintigl was 
plainly eae in spite of the general tendency to lay fewer eggs as the 
weevils grow older and as the average temperature becomes lower. 


RELATION OF WARTS TO OVIPOSITION. 


When the general relation of the warts to the formation of egg 
punctures was first recognized, an investigation was undertaken to 
determine, if possible, in what proportion of cases the warts could be 
traced directly to egg or feeding punctures. For this purpose a large 
number of squares, most of which had warts, was picked from plants 
in the field and carefully examined in the laboratory. Notes were 
made especially upon the following points: The number of warts, the 
number of punctures obviously made for feeding only, the number 
of special egg punctures, and the numbers of eggs, larvee, and pup 
found. Only those excrescences were counted as warts which showed 
a positive elevation, and, as was expected, many eggs were found which 
had not been deposited long enough for a wart to have formed. Out 
of the 105 squares examined, 26 showed no warts, while the remaining 
79 squares had 92 warts. In tracing the connection of these 92 warts 
with weevil attack it was found that 77 at least, or almost 84 per cent 
of the total, resulted from egg punctures. The other 15 warts, or 16 
per cent, were assigned to feeding punctures, though some of these 
may possibly have been egg punctures in which decay had concealed 
all trace of the eggs or small larvee. One-half of the eggs found were 
in punctures closed by developed warts, and it is likely that most of 
the other half were of too recent deposition for warts to have formed. 
Three-fourths of the larve found in this lot were in punctures which 
. had been overgrown by warts. ; 

In another series of 35 older squares, 38 warts and 32 eggs, larve, 
and pup were found. This series also shows that at least 84 per cent 
of the warts resulted from egg punctures. The conclusion seems jus- 
tified, therefore, that warts may be considered as the most conspicu- 
ous.external indication of the presence of the weevil in some stage 
within the square. 

It should be noted in connection with warts that feeding frequently, 
and oviposition somewhat more rarely, is followed by a peculiar gel- 
atinization of the injured portion of the square. This condition spreads, 
and the change produces a considerable internal pressure, so that the 
square becomes distorted and bulges, especially at the place where the 
puncture was made. The bulging portion often resembles somewhat 
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a wart formation, but its real nature is very different. In many cases 
the gelatinized condition appears to have caused the death of the 
young larve, either by the pressure or by the abnormal condition of 
the food supply. In a large number of cases, however, this condition 
undoubtedly results from what were feeding injuries only. 


EFFECTS OF OVIPOSITION UPON SQUARES. 


The method of recording the progress of injury to each square, as 
was done in the field cages, has furnished much data upon a number’ 
of important points. Among these the two of most importance are, 
- in order of their occurrence, the flaring and the falling of the square. 


FLARING. 


The flaring of squares (Pl. XV, fig. 67) is one of the most apparent 
signs of weevil presence, although by no means an invariable accom- 
paniment, as it is usually thought to be. Squares flare in nearly as 
large a proportion of cases from adult feeding injury alone as from 
larval injury within. Any injury severe enough to cause the falling 
of the square is as liable to cause flaring as is the larva of the weevil. 
Flaring results from an unhealthy condition, whatever may be the 
cause, and is frequently to be seen in squares which are about to be 
shed, though they have never been injured by any insect. However, 
flaring has come to be popularly associated with weevil injury, and 
must therefore be quite fully considered. 

When resulting from weevil injury, flaring does not begin, asa rule, 
immediately after the injury, but only within from one to three days 
of the time when the square will be ready to fall. In especially 
severe cases of feeding injury, flaring often results in less than twenty- 
four hours. Occasionally the growth of the square overcomes the 
injury from feeding and the involucre, after having flared, again 
closes up and the square continues its normal development as though 
uninjured, and forms a perfect boll. More frequently the flared square 
gradually loses its healthy green, becoming a sickly yellow in color, 
and falls in a short time. P | 

When injured by the feeding of a young larva as the direct result 
of successful oviposition, flaring has been found in an average of 139 
eases to take place in almost exactly 7 days from the deposition of 
the egg. These observations cover the season from June to Septem- 
ber, when the developmental period averages about 19 days. Fully 
one-third of the weevil’s full development has, therefore, taken place 
before flaring results. A considerable proportion of injured squares 
fall without any distinct flaring of the involucre having taken place. 


FALLING. 


Squares injured by larval feeding within always fall, except the 
small percentage which, though entirely cut off from all vital connec- 
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tion with the plant, still remain hanging thereon by a small strip of 


bark and gradually become dry and brown upon the plant. Falling is 
but the natural final consequence of injury or disease (Pl. XV, fig. 68). 
Whatever its cause, it is brought about in exactly the same way as 
the shedding of leaves by the plant in the fall, by the formation of an 
absciss layer of corky tissue cutting off the fibr o-vascular bundles sup- 
plying nourishment to the square. The exact location of the cork 
area 1s to be seen at the scar left by every fallen square. 

In 539 eases definitely noted between June and September, 1903, 
the average time from egg deposition to the falling of the square was 
9.6 days. For this same period full development required an average 
of 19 days, so that falling occurred at the middle point in the weevil’s 
development. From a comparison of the time of flaring with that of 
falling it is seen that the interval between these two points averages 
about 2.5 days. In late fall the time between oviposition and falling 
of the squares, as recorded in 21 cases, was found to be about 16 days. 


PERIOD OF OVIPOSITION. : 

With the exception of hibernated weevils, it appears that oviposi- 
tion begins with most females within a week after they begin to feed 
and continues uninterruptedly until shortly before death. While 
females frequently deposit their last eggs during the last day of their 
life, a period of a few days usually intervenes between the cessation 
of oviposition and death. 

In ihe case of 52 hibernated females the actual — of oviposition 
averaged about 48 days, the maximum being fully 92 days. 

In an average made with 21 females of the first generation the 
actual period was almost 75 days, the maximum period being 113 days. 

The average period for the females of the first two generations 
appears to be longer than that for any other. In the third generation 


the average period for 11 females was 58 days, the maximum being 99 
days, and in the fifth generation for 5 females the period averaged 48 


days, with the maximum only 62. 

The approach of cold weather cuts short the activity of the weevils, 
which become adult after the middle of August, thereby decreasing 
the length of their oviposition period. Weevils which pass through 
the winter actually live longest, but as it must take more or less vital- 
ity to pass through the long hibernation period their activity in the 
spring is thereby lessened. 

The weighted, average period of oviposition of the 89 females here 
mentioned is 55.6 days. 


ORIGINAL HABIT OF DEPOSITING EGGS MOSTLY IN BOLLS. 


In the evolution of the species of insects the abilities to change, to 


adapt, and to specialize are important factors. Such abilities may be 
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manifested in various directions and so produce various results in 
form, habitat, habits, ete. Undoubtedly the boll weevil is now chang- 
ing in adaptation toa climate quite different from that in which the 
original species was produced. It has become also highly specialized 
as to food, having so far as we ean learn but a single food plant—cottonm. 
It isa fair question, therefore, to consider whether it has changed in 
its essential relations to the fruit of this plant since it first began to 
appear upon it. 

When first reported to the Department of Agriculture as an injw- 
rious insect (see footnote, p. 17) the specimens of the weevil were bred 
from the bolls of cotton. As conditions are now found in Texas, by 
far the major part of the weevils are developed in squares. It isa 
question of interest, therefore, whether the predominant original habit 
was to breed in bolls or in the squares of cotton. An examination of 
the breeding habits of other species of the genus Anthonomus shows — 
that there is a great diversity of habit in this respect. A comparison 
of the length of the period of development in squares and bolls shows 
that in bolis the period may be fully three times as great as it is in 
squares. Is the longer or the shorter period of development the more 
normal? Comparison with other species of the genus indicates that 
the longer period is more typical and therefore more original. The 
very short period of development in squares and small bolls has 
resulted from an adaptation to the reduced food supply, which in 
squares especially is limited in quantity and of a very perishable 
nature. The general conclusions from these considerations would 
indicate that originally this species bred principally upon the bolls and 
had few generations in a season, but through gradual adaptation to 
changed conditions in the growth of the cotton plant the weevil has 
now come to develop mostly upon the squares, thus producing many 
generations in a.season and greatly increasing the capacity of the pest 
for serious injury. 


DOES PARTHENOGENESIS oOccuR? 


To test the possibility of weevils reproducing parthenogenetically 
about 40 individuals were isolated from the very beginning of their 
adult life. Hach beetle was supplied daily with fresh, clean squares and 
careful watch was kept. for eggs. The first noticeable point was that 
no eggs were found till the weevils were about twice as old as females 
usually are when they deposit their first eggs. After they began to 
— oviposit, it was found that a very small proportion of the eggs were 
deposited in the usual manner within sealed cavities in the squares, 
but nearly all of them had been left on the surface, usually near 
the opening to an empty egg puncture. This same habit was shown 
by a number of females, and so can not be ascribed to the possible 
physical weakness of the individuals tested. The number of eggs 
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deposited was unusually small, and those few placed in sealed cavities 
failed to hatch. After somewhat more than a month had been passed 
in isolation, a few pairs were mated to see if any change in the manner 
of oviposition would result. The very next eggs deposited by these 
fertilized females were placed in the squares and the cavities sealed up 
in the usual manner, showing that the infertile condition had been the 
cause of the aiaowmal manner of oviposition. 

Exteriments made in 1903 and in 1904 agreed perfectly in general 
results. 


DEVELOPMENT. 


PERCENTAGE OF WEEVILS DEVELOPED FROM INFESTED 
SQUARES. 


During the season of 1902 part of the many squares gathered in 
infested fields for the breeding of weevils were followed to learn some- 
thing of the percentage which produced normal adults. No exam- 
ination was made for those not yielding a weevil. The decay of the 
square during the period from its falling to the maximum time that 
must be allowed for weevils to escape normally so obliterates any 
small amount of work by a larva that it is difficult, even with exam- 
ination, to determine accurately the number of dead small larve. 


TaBLeE XXI.—Percentage of weevils from infested squares. 


Number } Number Percentage 


Locality. Approximate date. of of ce 
squares. | weevils. | *\ cavils, 
| 
1902. 
Wictorias: Pex: sea ees: July LO ANP ust S <2. hq fee. .e ten woe 1,125 360 32.0 
Guadalupe, WOK Ss. See aaa / AM PUSS oe eis ce as capinest eters 387 108 28.0 
1903. 
Victorias Tews. Se. tee DUES RED ES AA rere mates stecie Suite eee 334 106 32.0 
10S ee he SP es pane | PUTEsEOLAUISHSE Sh yoercae Sek ob taw ees SO 873 35d 41.0 
DOs sa aeswe ee selene sees AUPUSEOISePLEMIDEr 250232 siete oe 368 192 « 52.0 
1904. 
WOrse 2 = pcan Scc ses caicee ee | UNE TO September s2- Sey ee crate ae 951 | 469 49.3 
Hee SS sk SRA ye es en! ks a a 038 | 1, 590 39.4 


It seems safe to conclude that throughout the season fully one-third 
of the squares which fall after receiving weevil injary may be expected 
to produce weevils. 


DEVELOPMENT OF WEEVILS IN SQUARES WHICH NEVER FALL. 


It is generally true that squares seriously injured by the weevil 
sooner or later fall to the ground. Some plants, however, shed the 
injured squares more readily than do others. It seems to be a matter 
of individual variation rather than a varietal character. Thus occa- 
sional plants retain a large proportion of their infested squares, which 
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Fig. 69, Infested squares not fallen but hanging dried upon plant; fig. 70, refrigerator 
designed for breeding weevils at low temperatures; fig. 71. boll opened, showing 
three large larve in one lock; fig. 72, apparatus used in studying effect of temperature 
upon weevil movement—fig. 71 reduced to two-thirds natural diameter (original). 
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hang by the very tip of the base of the stem. Normally the squares 
are shed because of the formation of an absciss layer of corky tissue 
across their junction with the stem. In the case of the squares which 
remain hanging the formation of this layer seems to be incomplete, or 
else it becomes formed in an unusual plane, so that while the square is 
effectually cut off, it merely falls over and hangs by a bit of bark at 
its tip (Pl. XVI, fig. 69). In this position it dries thoroughly and 
becomes of adark-brown color. This peculiarity reminds one strongly 
of the European Anthonomus pomorum, the work of which, in causing 
apple buds to hang dead upon the trees, has caused the common name 
of ‘* Brenner” to be applied to it. Plants showing 6 or 8 of these 
dried brown squares are quite common in infested fields. Although 
exposed to complete drying and the direct rays of the sun, the larve 
within are not all destroyed. 

At intervals during the summer of 1903 such dried squares and 
small dried bolls were picked for careful examination in the labora- 
tory, the condition of 342 being recorded, with the following results: 
Adults present 2, escaped 23; pup alive 29, dead 2; larve alive 85, 
dead 47; parasites present 44, escaped 6. Sixty-three squares which 
failed to show weevil work and 42 small dried bolls from which the 
corollas had fallen were probably destroyed largely by the feeding of 
the weevils. Taking the total number of squares and bolls examined 
as the basis of computation, it appears that 69.3 per cent of them 
showed weevils present in some stage. Of the immature stages, 30 
per cent were dead, 14.6 per cent having been parasitized. It seems 
a conservative estimate therefore to say that fully one-third of these 
_ exposed dried squares may be expected to produce adults. Consider- 
ing the exposed condition of such squares this seems to bea very high 
percentage. , 

The season of 1903 was not as hot at Victoria as was that of 1902, 
and the lower temperature prevailing may have favored the develop- 
ment of a larger proportion of the weevils in these squares than would 
normally emerge. The maximum temperature reached in 1902 was 
104.3° F., while in 1903 the maximum was only 97.5° F. No examina- 
tions of this subject were made in 1902, and therefore no positive 
comparisons can be drawn. ‘The observations made, however, cer- 
tainly show that a complete drying of the square does not necessarily 
destroy the larva, and that a square may undergo far more exposure 
to direct sunshine than had been supposed possible without causing 
the death of the larva or pupa within. 


DURATION OF THE LIFE CYCLE. 


This question has been studied carefully, both in the laboratory 
and in the field. Most of the observations made in 1902 were in the 
laboratory, while those of 1903 and 1904 were in the field. 
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In the laboratory uninfested squares were exposed to active weevils 


for oviposition, and the supply of clean squares was renewed each day. 
The beginning of the cycle was thus known to within a few hours. 
The squares with eggs were carefully kept and the date of emergence 
of each adult was then noted. To the period thus found must be 
added the time intervening between the leaving of the square and the 
deposition of the first eggs. This gives the period of the life cyele. 
The material upon which these observations were made was necessarily 
other than that used in determining the duration of the various stages. 
The period in bolls is far different from that in squares. The figures 
here given refer to squares. 


TaBLeE X XII.—Period of life cycle in squares. 


: Timein period of MES 
Obseryations. poe ail cones Average time. Temperature. 
Adult to : ’ 
: v Num- . = | Period of | Average! Total 
Period covered. hen Range.| Average. Bette cycle. | effective.| effective. 
1902. Days. | Days. Days. Days. OR 
Angust 10 toSeptember 30_........ 96 | 10-18 13.4 5.0 18.4 754. 4, 
September 16 to October 15......-- 305 | 12-25 47.5 : 24.5 823. 2. 
October 8 to November 16.......-. 66 | 14-23 20;.2 DO 29; 2 864, 4 
1903. 
Field, first generation— 
JaMeL4ssto: Mlkyel Oia 2 Se aa ee oe 100 | 12-22 18.3 5.6 23.9 764. 8 
August 20 to September 28. .... 180 | 13-26 19.0 5.0 24.0 794.4 
1904. ; 
Field, generations—5-.- 469 | 12-30 20. 0 a. 0 25. 0 975.0 
MB GG EMU oem are Nae 5s an 1, 216 10-30 18.5 | 5.8 24. 34_ 873.3 


These observations cover the season from June 4 to November 16. 
Reproduction undoubtedly begins somewhat earlier and continues 
later in the average season at Victoria, but any differences which 
might be found at the extremes would not materially affect the loca- 
tion of the mean in so large a series. The infiuence of varying tem- 
perature during the same period but in different seasons is clearly seen: 
by a comparison of the figures for August 10 to September 30, 1902, 
with those for August 20 to September 28, 1903. The period. for 
1902 was exceptionally warm, as shown by the high average effective 
temperature, while in 1903 it was decidedly cooler, the difference 
averaging 8° F.; consequently the average period for the cycle was. 
fully six days greater in 1903 than im 1902 at the same season. 


‘Determinations of the duration of the life cycle in bolls have been — 


made in only a few instances. In 7 cases between August 15 and 
November 11, 1903, the average time required from the deposition of 
the egg to the escape of the adult from the opening boll was 61 days. 
The average effective temperature for the period was 31.7° F., and 
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the average total effective temperature required for development. in 
bolls was therefore 1,933.7° F., or nearly two and one-half times as 
muchas in squares. Several larve often develop within a single boll 
(Pl. XVI, fig. 71). They appear to remain in the larval stage until the 
boll becomes sufficiently mature or so.severely injured as. to begin to 
dry and crack open. When this condition of the boll is reached, 
pupation takes place, and by the time the spreading of the carpels is 
sufficient to permit the escape of the weevils they have. become adult. 


BROODS OR GENERATIONS. 


- The term ‘“brood” can hardly be applied in its usual sense to the 
generations of the weevil, as was pointed out by Doctor Howard in the 
first circulars of the Bureau dealing with the problem. For several 
reasons no line of distinction can be drawn between the generations in 
the field at any season of the year, not even between hibernated wee- 
vils and the adults of the first generation. As has been shown, the 
period of oviposition among hibernated females is in some cases fully 
3 months, while it averages 48 days.. The average period of the full 
life cycle for the first generation,as shown in Tabie XXII, is 25 days, 
and as the time for the second generation would be slightly less, it is 
evident that the first eggs for the third generation may be deposited at 
the same time as those for the middle of the second generation, and 
also with the very last of the eggs deposited by hibernated females 
for the first generation. The great overlapping of generations thus 
produced prohibits the application of any of the common methods of 
ascertaining: their limits. The complexity indicated for the first three 
generations becomes still further increased as the season advances, so 
that in Oetober, for example, a weevil taken in the field might possibly 
belong to.any one of five or six generations. Duration of life and the 
period of reproductive activity are important factors in determining 
the average number of generations. Periods of greatest abundance 
can not be regarded as giving any reliable information upon-this point, 
since the number of weevils developed soon comes to depend largely 
upon the supply of squares. | 

In the case of the boll weevil, therefore, the information upon the 
number of generations must be drawn mainly from laboratory sources, 
but the results are supported by observations. made in the field. Many 
of the hibernated weevils continue to deposit eggs until the middle of 
July, and some are active for fully a month longer. In 1903 the last 
eges from hibernated weevils were deposited on August 27. In the 
course of breeding experiments made in 1902 it was found that many 
weevils which had become adult about the Ist of August would con- 
tinue to deposit eggs until the latter part of November. Considering 
the longest-lived weevils and their last-laid eggs, therefore, it is easily 
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possible for two generations to span the entire year. The weevils 
developing after the middle of November may go into hibernation, and — 


from their last-deposited eggs produce weevils whose last offspring 
will be ready for successful hibernation again. This conclusion is 
based upon actual demonstration. 


The maximum number of generations will be found by facil the 


first, instead of the last, deposited eggs in each case. Rather than lay 
the conclusions open to question by taking the figures found for occa 
sional minimum length of the life cycle, we will take the 25-day 
period, which has been shown to be the average between June 4 and 
November 16. Without doubt hibernated females begin their repro- 
ductive activity in average seasons by May 1 in the locality of Vic- 


toria, and their descendants continue to develop normally until after 


November 15. Taking the dates mentioned, however, as the average 
season for the weevils, we find that eight generations, each having the 
average period of development, may usually be produced within the 
year. 

In determining the average number of generations one-third®% the 


average period of oviposition should be added to the average life cycle 


for each gener ation. As it has been found that the average period of 
oviposition is about 554 days, we must allow 25 days for the develop- 
ment of the average adult and 18 more days for the female to deposit 
one-half her eggs. Forty-three days is therefore about the average 


length of a generation; and we may thus count onan average of about: 


five generations between May 1 and December 1. In the northern 
part of the weevil territory, where the season is shorter and the pre- 
vailing temperature lower, probably only four average generations are 
developed. This theoretical conclusion is fully confirmed by the 
results of breeding experiments conducted at Victoria and Terr ell dur- 
ing the season of 1904. — 

There is no basis for the idea that there is a distinct hibernation 
brood. The activity of the adults and the development of the imma- 
‘ture stages is gradually retarded by the decline in temperature until 
hibernation time arrives. Most of the weevils of the first two or three 
generations have probably died, or then do so, while most of the adults 
of later generations, having still considerable vitality, will go into 
hibernation. It is certain that every generation preceding may have 
some direct part in the production of weevils which shall hibernate. 
All weevils which are still strong and healthy when cold weather comes 
on may be expected to go into hibernation, so that there can be no 
special brood for this purpose. : 


«One-third is nearer the correct fraction than one-half, since it has been found 
that weevils deposit considerably more than one-half of their eggs during the first 
half of their oviposition period. 
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POSSIBLE ANNUAL PPOGENY OF ONE PAIR OF HIBERNATED 
WEEVILS. 


One of the most important factors in the development of an insect is: 
its capacity for very rapid production. The conclusions as to the ability 
_of the boll weevil in this respect are drawn from the following data, sum-- 
marized from what has been set forth in preceding pages of this balled 
The starting point is considered to be the average date of deposition of 
one-half of the eggs for the first generation at Victoria, Tex., which, 
under the usual conditions, seems to be about June 10. The oe 
number of eggs deposited by a female was found to be 139. For the: 
purpose of this computation, 100 is the assumed number. The differ- 
ence may be considered as an allowance for mortality or failure to- 
hatch. The average period of development for each generation is 19 
days. ‘The average period between emergence of the adult and deposi-- 
tion of the first eggs is 6 days. The average period for the deposition: 
of one-half the eggs for each generation is 18 d&ys, thus making the 
average period for each generation 43 days. The sexes are produced. 
in, approximately, equal numbers. For the sake of conservatism 
allowance has been made for only four generations in a season. The 
following table shows the rate of multiplication and the corresponding” 
dates: 


Annual progeny of one pair of hibernated weevils. 
Weevils.- 


First generation, average adult June 29, numbering ......----.--- he be 100- 
Second generation, average adult August 10, numbering.---...----.---- 5, 000: 
Third generation, average adult September 22, numbering.............. 250, 000° 
Fourth generation, average adult November 4, numbering..--..-.------ 12, 500, 000° 

Tie at ae Op aa SU tere Fee eit Sac 12, 755, 100: 


As a matter of fact the multiplication during the early part of the 
season is so much more rapid that it is very certain that a large part. 
of the third generation becomes adult by the middle of August. Pos- 
sibly a more definite idea of the significance of this ability for repro- 
duction may be obtained if we consider that, at the conservative rate: 
given, the progeny from one fertile hibernated female might, in the 
course of four generations, number three weevils for every square foot. 
of area in a 100-aere field. | 

As a matter of fact the possibility of the multiplication is controlled 
primarily by the abundance of food supply. As may be seen by ref- 
erence to Table X XIX, page 114, the maximum infestation is usually 
reached some time in August. If we assume that there are 6,000 
plants on each acre of ground, and that each plant produces 100 squares. 
for weevil attack up to August 1, we would find that if the usual per- 
centage of these squares produce weevils, the actual multiplication 


16780—No. 51—05——7 


98 


would be limited to about 250,000 weevils per acre. The possibility 
that the progeny of one weevil will amount to 12,000,000 in the course 
of a season would therefore rarely if ever be realized. 


THERMAL INFLUENCE UPON ACTIVITY AND DEV. ELOPMENT. 


The influence of temperature has been frequently mentioned as an 
important point, but it may be more clearly understood by- collecting 
some of the most important observations relating to it. A study of 
this subject throws much light upon such questions as seasonal and 
daily activity, the rapidity of development at various seasons, hiber- 
nation, and the time of emergence from hibernation. ‘The influence 
upon development will be first considered. For a portion of these 
observations an ice box was especially designed and constructed to 
facilitate observations at low and constant temperatures. (See 


Pl. XVI, fig. 70.) 


Taste XXIII.—Thermal influence on development. 


Effective tempera- 


Number Average ture. 
Stage. of obser- Period. time for 
yations. stage. Average.| Total 
1902. Days. CES oiteee 
380. | Spl. 4: tOc<OGL. a see8e ween cee weasel Sra troare 3— 38. 0 114.0 
Hee NOT | \OetTito Ove d3 sake Oe eos a eee 4+ 30.0 120.0 
2 alan eee ig acter a6 | Nov. 24 te Bec. 1 ....--- <u. -- eae 11.0 19.0 209. 0 
88 | Ice-box experiments, 1904 -...........-- bul: Zab 137.7 
195 3| Sent 6 Cte. so Ao. F Po ew ees 7.5 3947 267.7 
aa 15) Sept. 262h0 Och. eel 25 5 aces Sis ee pein 9.5 30.6 280.7 
Sina ae < tas AD | Nowe Tho Wee 1D = oe Le Soe ees 3 yee 25.0 19.5 487.5 
88 | Ice-box experiments, 1904 ...........--- 12.5 27.0 337.5 
GL) lle XG aioe eae ems cea eee ete ee 3.5 39.165 | 138.8 
SLi Sept tpstolOets, a sexe use eee a eee 5.2 36.0 187.2 
Puna LOVES ep bt eAuOlOCEAZS aes ot to aoc nse rece ee 6.0 33 baal 186.6 
ss eres as ee ai OD AU Nigy. Dio 13. 2 sashes eae tee ost ence ne 7.6 26.2 199.1 
4 SD CE: 2 tOW9 evasion ore eee eee OR eee 14.5 18.5 268. 2 
88 | Ice-box experiments, 1904 ...........-.. 7.9 27.0 202.5 
62 cate. MOOS GW wa! senesec > aeiens = eke oie 13.4 41.0 549. 4 
: BOD SSE BG: ekO ci all) One tli ee ok NS es 17.5 33.6 588.0 
BON OC SGOUNONE MOnes ne sscak eae eset heeee 20.3 29.5 598.8 
Entire  develop- 
mental period. | 1903. ¥ 
100.4] Sime 4 Oey gl eo oe ee nee 18.3 32.0 585.6 
By: 7| Ans 20 HOM eat ee Sar ns ee ee oe oars SC eee 19.0 33.1 628.9 
135 | Im ice box, 1904.......... a Se petals Seamer 30.0 23.0 690..0 


SUMMARY OF THE PRECEDING TABLE. 


Total | Average | Average| Total 
period | effective | effective 


stage. ae for | tempera-| tempera- 

; stage. ture. ture. 

; : Days. OF oF. 
[fe eter ene ec eR Sen Se re ee Apeeve A Wer LA be, 2 pian bel 616 4.0 34.0 136.0 
To VG. 6 0 tingle See Seb eee oe oat Co eee ee ree eee 313 9.3 82.2 315.6 
PULP A «oo 2 on ncaa mins beset pee PANE ops Seo a 530 BD? |" 33.2 182.6 
Total development, ‘sum’ of stages. .-/o..c22-es5e-5-- oe 1, 459 19.3 32.9 634.2 
Observations On entive Menon o2oa28 ele pees eee een ae See 887 19.6 | \w 32.2 632.0 


ES 


99 


In studying the influence of temperature on development the figures 
upon the separate stages serve best, as they give the widest range. In 
each stage it may be seen that the maximum time is nearly, if not 
quite, four times the minimum, while the average effective tempera- 
ture difference is in the inverse order, but about 2 to1. In compar-. 
ing the minimum and maximum total effective temperatures, it appears 
that when the average temperature is lowest the total heat required 
to complete the development of the stage is nearly twice as great as 
when the average temperature is highest. The length of the develop- 
“mental period is therefore not exactly inversely proportional to the 
change in temperature. The retarding influence of decreasing tem- 
perature appears to affect each of the immature stages in very nearly 
the same degree. The total effective temperature required forms a 
specific constant, which is fairly uniform for average effective tem- 
peratures of between 30° and 40° F. These temperatures would, — 
during most seasons, prevail from June to October, inclusive. As 
the average effective temperature falls below 25° F., however, there 
results a great and disproportionate retardation in the development. 
The reason for this difference may lie in the fact that when tempera- 
ture is ascending from 32° F. it must attain a higher point to start 
weevils into activity than that at which the same weevil will cease 
activity when the mercury is going down. 

The observations upon the length of the entire developmental period 
were made upon several different series of weevils. As is clearly. 
shown in the summary given in the latter part of the table, the sum 
of the average lengths of the three stages agrees remarkably closely 
with the length of the entire period as found in the 887 cases observed. 
This close agreement, reached by entirely ‘different methods, indicates 
that the series from which the averages are obtained are sufficiently 
large to give constant results, and therefore that the average period 
of development throughout the season of weevil activity is very close 
to 19 days. 

This thermal influence upon-activity in feeding and oviposition may 
be shown by taking various lots of weevils at intervals through the 
season. For this purpose the work of 10 males and 10 females has 
been selected, using the laboratory records for each lot. The time 
' covered is 25 days in each case to secure a fair average, and 25-day 
intervals separate the lots from each other. The season thus covered 
begins with June 6 and ends with November 28, 1903. To make the 
comparison fair, average conditions as to sex, age, and individual 
activity must be established, and the records have been selected with 
these conditions in view. 
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TABLE X XIV.—Thermal influence on activity in feeding and ovipositing. | 


Average per 


Total. Daily average. | Weevil daily. 


Average 
effective 


Num- | Number he 
' |tempera-| Feeding Feeding Feeding 


ber of of fe- 
males. | males. 


ture. punc- | Eggs.| pune- | Eggs.| pune- | Eggs. 
tures. tures. tures. 
SA OOS emer Slide 
10 10 |} June'6 to\3022-2- 23. ye 1 2,189 794 87.6 | 31.8 4.4 3.2 
10 10 | July 25 to Aug. 19.... 36.5 2,325 | 1,061 93.0 | 42.4 4.7 4.2 
10 10 | Sept. 14 to Oct. 8: .... 32.7 1, 540 659 61.6 | 26.4 Sik: 2.6 
10 LO? NOV A340 274255 se 24.6 900 217 36.0 8.7 1.8 0.9 


The average number of daily feeding punctures is reckoned for both 
sexes alike. Though the females made more than half, the propor- 
tions can not be positively separated, and it would make no difference 
if it could be done. It is noticeable that the period of greatest activ- 
ity comes in midsummer, with the first, second, and third generations 
actively at work. _ Hibernated weevils working in June show greater 
activity than do the mixed generations which occur together in Septem- 
ber and October, though the temperature does not greatly vary. In 
November, with a marked fall in temperature, there is a corresponding 
decrease in work, but especially is this noticeable in egg deposition. 
It appears that at this season and later on the weevils are mostly eating 
to live until it becomes cold enough for them to hibernate. 


- INFLUENCE OF RETARDED DEVELOPMENT UPON SEX. 


For these experiments five lots of selected infested squares were 
picked from plants in the field. In most cases the eggs had been 
deposited long enough for warts to become fully developed; in other 
cases the squares showed egg punctures which had been made so 
recently that warts had not yet formed. The age of the infestation at 
the time the squares were picked ranged, therefore, probably between 
twoandsixdays. These infested squares were kept ata low temperature 
in the ice box especially constructed for the purpose. ‘Two lots were 
kept at about 45° F. during the night, but removed to ordinary out- 
door temperatures during the daytime, cold and warm thus alternating. 
Three lots were kept continuously at a temperature ranging between 
62° and 70° F. The checks upon these experiments were all kept at 


ordinary outdoor temperatures. The plan was to determine each day ~ 


the sex of such weevils as emerged. From the check lots of squares 
36.4 per cent of the weevils emerging were males, and these required 
upon an average a total effective temperature of 588.8°. The 63.6 per 
cent of females required an average total effective temperature of 587°. 
The results of the tests are shown in the table on page 101. 
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TABLE XX V.—Jnfluence of retarded development upon sex. ~ 


_|M y- | Average time under Average total effective 
bree effec! that temperature. Number | Number temperature. 
SES AG Tl ae eae ee of aes of pene es 
‘| perature. Males. Females; |Produced.| produced.| “asaies, Females. 
°F. Days. Days. — ° FF. °F. 

18.4 37.6 34. 0 / 3 18 692 625.0 
19.5 28.9 28.6 30 |. 22 563 563. 0 
23.0 20.8 19.8 25 33 478 455.0 
23.0 22.0 225% 25 25 506 511.0 
23.0 28.8 25.9 | aly) 10 662 596. 0 


a21.4 a25.4 a@25.1 | 6100 5108 a 548 531.3 


a Average. bTotal. — 


With lots 1 and 2 the temperature alternated from an average of 
33.8° effective temperature during the daytime to an average of 3° 
effective temperature at night. Number 1 became very dry, and 
development was slightly delayed because of this fact. Among the 
squares kept continuously at a low temperature, lot 5 was under test 
for a larger portion of the developmental period than any other lot. 
It is noticeable that in this case, in which the influence of the low tem- 
perature was continued for the longest time, the largest proportion of 
males was produced. As a whole, the table shows that there is a com- 
paratively slight difference between the average of the total effective 
temperature required for the development of males and that required 
for femaJes. A careful study of the table indicates that development 
at a low temperature has some tendency to produce a larger propor tion 
of male than female weevils, and this is certainly the case in the late 
autumn (see p. 44). 


LABORATORY EXPERIMENT IN EFFECT OF TEMPERATURE UPON 
LOCOMOTIVE ACTIVITY. 


The We shiincats here given were performed by Dr. A. W. Morrill. 
In the absence of apparatus especially designed for such work, use 
was made of a very simple device, constructed as follows: 

A thermometer was passed through a cork and inclosed in a test tube, 
which in turn was placed within a hydrometer cylinder of sufficient 
depth to inclose it (Pl. XVI, fig. 72). 

Weevils were inclosed in the test tube with the thermometer, and 
the temperature of the cylinder varied either by heating gently or by 
the use of ice water. Starting with the thermometer at 64° F. the 10 
weevils inclosed were found to move slowly, half of them being quiet. 
As the temperature was gradually raised the activity of the weevils 
increased up to 105° F. When the temperature reached 95° F., or 
over, the weevils were running up and down the tube. By filling the 
cylinder with cold water the temperature was lowered to 86° F., at 
which point the weevils began to cluster at the top on the cork and 
were crawling slowly. By the addition of ice in the cylinder the tem- 
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perature was lowered to 59° F.,at which point 5 weevils were sprawl- 
ing on the bottom of the test tube or clinging to one another, 4 were 
clustered on the stopper, while 1 was slowly crawling downward. At 
50° F. 6 weevils at the bottom showed slight signs of life and 1 was 
crawling slowly. At 45.5° F. slight signs of life were still shown, 
while at 40° F. occasional movements only were noted. Upon the tem- 
perature being raised weevils began crawling as 50° F. was passed, and 


at 64° F. all had left the bottom and were crawling upward. Some 


recovered much more quickly than did others. 
The temperature was again lowered, this time by the use of salt with 
ice. AJl movement ceased at 37° F. The cooling, however, was con- 


tinued to 33° F., after which it was slowly raised to 42° F., at which 


point meen began. 
In a general way these results agree quite closely with outdoor 
observations. ‘ 


GRADUAL DEVELOPMENT DURING HIBERNATION IN SOUTH 
TEXAS. 


In southern Texas larve and pup which are in squares when frost 
comes are not always killed thereby, but slowly finish their develop- 
ment if the weather is warm enough for any activity, and the young 
adults thus developed may live the winter through without feeding. 
As observed by Mr. E. A. Schwarz in the winter of 1901-2, weevils 
‘may pass the winter in either larval, pupal, or adult stages, but the 
last named is by far the most common stage. 

It is likely that a large part of the weevils found in the squares and 
bolls during the first part of the winter will be in the larval stage, 
while, owing to the slow development which takes place, a larger per- 
centage of adults will be found toward spring. Mr. J. D. Mitchell, 
of Victoria, Tex., took a number of live larve, pups, and adults from 
bolls in a field in that locality on December 26, 1903, after ‘* two hard 
frosts and one freeze.” ‘Two weeks later, from a field at the same 
locality, after three hard frosts and two freezes, he took another lot 
of live specimens in these three stages. In the latter case the bolls 
examined were on stalks which had been plowed out two weeks before 
and were ready for burning at the time examined. Mr. Mitchell, who 
is an excellent and reliable observer, writes: *‘On December 26 there 
was still some sap in the cotton stalks,” and on January 10, when the 
second examination was made, ‘‘ there was absolutely none.” ‘‘' The 
larvee seem to thrive and arrive at perfection in the dead and dried 
bolls. A frost or freeze at 30° F. does not hurt the larve or pupe in 


dead bolls in the field.” As the two lots, taken together with four others — 


sent January 17, 31, and February 7 and 14, 1904, include 197 specimens 
(23 larve, 30 pupe, and 144 adults), it is evident that large numbers of 


weevils go into the winter in the immature stages, and there is every - 
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probability that, in the southern part of the State at least, many of 
them live and mature, emerging in the spring. It may be that this 
gradual maturity of the hibernated weevils is one of the reasons why 
they emerge so irregularly from their winter quarters. 


SEASONAL HISTORY. 
HIBERNATION. 
ENTRANCE INTO HIBERNATION. 


Not all weevils go into hibernation at the same time, but as the mean 
average temperature falls to between 55° and 60° F. they gradually 
cease feeding, and, numbed and sluggish, they crawl into almost any 
place which furnishes them some measure of protection from the cold. 

Even after frosts have blackened the foliage and squares and entirely 
checked the growth of the plant, some weevils can be found moving 
in a cotton field upon warm days. Weevils which are old and nearly 
exhausted die as the cold weather comes on. Their vitality has been 
expended in other ways and they do not survive the winter. Many of 
those which are still vigorous and strong will continue to feed a little, 
and females will occasionally deposit eggs so long as cotton remains 
green. 

Temperature and available food supply seem to be the most impor- 
tant factors in determining the time of hibernation. In general, it 
may be said that many weevils are active so long as their food con- 
tinues in fit condition to sustain them. Some, however, undoubtedly 
seek shelter before frosts occur. From numerous observations made 
in the laboratory, it appears that weevils will starve when deprived of 
cotton if the mean average temperature continues long above a point 
somewhere between 60° and 65° F. As the mean average falls below 
60°, hibernation may take place successfully. 

In determining the latest date at which the stalks may be destroyed 
and still accomplish as great destruction of the weevils as is possible, 
it is important that we should know approximately the time at which 
weevils begin to go into hibernation. Naturally, this time will vary 
considerably between the northern and southern portions of the State, 
the variation being parallel with the fall in temperature. Terrell, 
Tex., was one of the northernmost localities available for observations 
in 1904. Unfortunately conditions at this point were so modified by 
defoliation of the cotton by the leafworm in October as to interfere 
considerably with the normal action of the weevils. In portions of 
the fields which remained green most weevils disappeared during the 
latter part of October and the first of November. Throughout Novem- 
ber a few weevils still remained active, and sopaciorally upon warm 
days weevils emerged from infested bolls. 
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At Victoria a series of observations begun on November 11 showed 
that there was a decided falling off in the number of weevils to be 
found in the fields between November 20 and December 8. Between 
November 11 and 19 five examinations, cover ing a total of 8,157 
squares, showed that at that period one square in nine, or 11 per feat 
of the squares, sheltered an adult weevil. By Densmiee 8 an exami- — 
nation of 2,000 squares showed that the percentage had fallen to 6. 
At Wana therefore, it is evident that the burning of stalks should 
have been practiced not later than November 15 to 20. This period 
followed closely the occurrence of the first light frost on November 
12, 1904, and it is probable that some such general relationship to tem- 
perature conditions may be established. The following average mini- 
mum and mean average temperatures prevailed: 


Date - Mean Average 
: average. | minimum. 


)) OF. 
November Eto 14. ven iF oc cete oe eee Cae Oe eee G2 20s 51.8 
Novemberd2 tos. Pscs. Seok sogd. teins ees Se eer ianiad: coe 59.3 - 44,3 
‘WovemberiGctos0. co. sk See ee 63.9 55.0 
December A 1010-42 Re oa ok Beenie een ee ene a SoS ee 50. 6 46.4 


Apparently weevils will begin to enter hibernation any time after the 
mean average temperature falls below about 60° F. 


SHELTER SOUGHT IN HIBERNATION. 


Hiber nating weevils are to be found in many situations in the field. 
Where the cotton stalks are allowed to stand throughout the winter 
they furnish the weevils both the means of subsistence late in the fall — 
and an abundance of favorable hibernation places throughout the field. 
The prospects of successful hibernation are thereby multiplied many 
times; and, furthermore, the weevils are already distributed over the 
field when they first become active in the spring. The grass and 
weeds which almost invariably abound along fence lines are exceed- 
ingly favorable to the successful hibernation of many weevils, so that 
it will be found generally true that the worst line of infestation in 
the spring proceeds from the outer edges of the field inward. Where 
cotton and corn are grown in adjacent fields, or where, as is sometimes 
the case, the two are more or less mixed in the same field, many wee- 
vils find favorable shelter in the husks and stalks of the corn. An 
especially favored place is said to be in the longitudinal groove in the 
stalk and within the shelter of the clasping base of the leaf. Perhaps 
the most favorable of all hibernating conditions are to be found among 
the leaves and rubbish abounding in the edges of timber adjoining 
cotton fields. From such places the weevils are known to come in 
large numbers in the spring. The timber fringes present greater 
difficulties in the way of removing the favorable conditions than do 
any of the other places mentioned. 


Bul. 51, Bureau of Entomology, U. S. Dept. of Agriculture. PLATE XVII. 


CONDITIONS FAVORABLE TO HIBERNATED WEEVILS. 


Fig. 73, View of field showing relative size of seppa and planted cotton on April 15, 1904; fig. 74, 
relative size of seppa and planted cotton on May 14, 1904; fig. 75, corner of field around which 
were very fayorable conditions for hibernation of weevils during winter 1902-3 (original). 
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- DURATION OF HIBERNATION PERIOD: © 


As the observations upon this point have nearly all been made at 
Victoria, Tex., the statements made refer especially to that locality. 
It must be borne in mind that latitude and altitude, as well as seasonal 
variations, will influence the limits of this period. In general, how- 
ever, it may be said that hibernation begins at about the time of the 
first pet frost, and that it continues until the mean average tempera- 
ture has been toe some time above 65° F. In the spring of 1903 
weevils left hibernation quarters at Victoria only when the mean aver- 
_age temperature had been for some time at about 68° F. While it is 
true that weevils if disturbed in hibernation are active at much lower 
temperatures than this, for some reason they do not leave the shelter 
of their hibernation places. 

At Victoria, Tex., the average hibernation season may be said to 
extend from about December 1 to about April 1, or a period of about 
4 months. In the spring of 1904 weevils began coming from hiber- 
nation by the middle of March and it is certain that the last had not 
emerged by the middle of May. In more northern latitudes hiberna- 
tion will, as a rule, begin earlier and last later, covering a period of 
from 4 to 5 morte. 


APPARENTLY FAVORABLE CONDITIONS FOR HIBERNATION. 


In December, 1902, a series of experiments was started to test the 
influence of various conditions upon the successful hibernation of 
weevils. Owing to the writer’s absence from Victoria examinations 
could not be made at intervals, as would have been desirable. But at 
the middle of April, 1903, careful examinations were made to ascer- 
tain the shelter in which live weevils were found. In the preparation 
of hibernation jars several inches of dirt were placed at the bottom, and 
above that a variety of such rubbish as was thought might tempt the 
weevils to shelter. Dead banana leaves, hay, cotton leaves, dry bolls, 
squares, etc., were among the things used as rubbish. As several of 
these were placed in each jar the weevils had an opportunity to choose 
their shelter. Among the 39 which lived through the winter, 19 were 
found in the banana leaves, 7 in hay, 5 in dry cotton leaves, 4 were 
buried in dirt, 3 were on the surface of the soil, and 1 was hiding in 
an open boll. It appears, therefore, that 31, or 80 per cent of the 39 
live weevils, were found in what may be termed ‘“‘ leaf rubbish.” It 
was noted also that 25 of the survivors passed the winter out of doors 
in various locations, while 13 were under shelter indoors. Of the 
weevils placed out of doors all but one lot were protected from the 
rain. The 15 weevils contained in the jar which became wet all died, 
while but few of the jars which were dry failed to show a live weevil 
in the spring. Leaf rubbish and dryness eee to be favor able me 
tors in successful hibernation. — 
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PERCENTAGE OF WEEVILS HIBERNATING SUCCESSFULLY. 


It is a very significant fact that of the 240 weevils taken from the 
field at the middle of December, 1902, and placed in hibernation, 38, 
or 15.8 per cent, passed the winter successfully, while of the 116 
weevils adult before November 15, 1903, only 1, or less than 1 per 
cent, survived. It is evident that the weevils which pass the winter 
and attack the crop of the following season are among those developed 
latest in the fall and which, in consequence of that fact, haye not 
exhausted their vitality by oviposition or any considerable length of 
active life. 


Naturally the percentage of weevils living through the winter will 


depend largely upon favorable climatic conditions and the accessibil- 
ity of suitable shelter. It would be utterly impossible to determine 
this question under actual outdoor conditions, and our inferences 
must be drawn solely from percentages found to survive under cage 
conditions. In the laboratory tests referred to in the preceding topic 
356 weevils were used. Of these, 240 were brought from the fields 
at the middle of December, 1902. Among these weevils, 38, or 15.8 


per cent, survived. The remaining 116 weevils were all adult after 


September 25, 1902, and had been kept under observation in the 
laboratory. One single weevil, adult November 12, was the sole sur- 
vivor of this lot. Since the weevils brought from the fields in the 
‘middle of December would be a correct average of those entering 
hibernating conditions, we may disregard the laboratory-bred speci- 
mens in drawing our conclusions. The conditions offered would seem 
to have been favorable, and when this is the case out of doors it 
appears that about 1 in 6 of weevils found in the field at hibernation 
time may pass the winter successfully. This seems a very high per- 
centage, but when we consider the numbers of hibernating weevils 
often occurring upon young cotton in the spring it seems not improb- 
able that during favorable seasons something like this percentage of 
the weevils finding favorable shelter will live. Of course, the per- 
centage finding favorable shelter will be extremely variable, and it is 
in reducing the number and accessibility of favorable locations that 


the cotton planter has one of his very best opportunities to effect the 


destruction of a multitude of weevils, and thus greatly reduce the 
number which will emerge from hibernation and attack the crop of 
the following season. With shelter removed, cold and changeable 
weather will inevitably destroy many, and, in fact, most, of the 
weevils which would otherwise survive. 


TIME OF EMERGENCE FROM HIBERNATION. 


Kmergence depends largely, as has been already shown, upon the 


mean average temperature prevailing. The presence of food does — 
not seem to affect it. In the season of 1903 for one month preceding — 
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the emergence of weevils at Victoria the mean average temperature 
was 65.4° F. For the first two weeks of April it averaged 68.4° F. 
Weevils left their winter quarters from the middle to the last of 
April. While the mean average température for May was nearly 3° 
lower than the temperature prevailing at the time of emergence, 
weevils remained actively at work in the fields. In the fall also 
weevils remained at work at a lower temperature than that which 
seems to be necessary to draw them from their winter quarters. The 
reason for this fact is not apparent, but it is certain that once having. 
left hibernation weevils will remain active at considerably lower tem- 
peratures. If the temperature becomes too low they remain quiet 
without taking food for long periods of time. If taken from their 
winter quarters weevils will be found active at ordinary day tempera- 
tures long before they would normally venture from their hiding 
places of their own accord. Weevils thus removed have been kept 
for a month without food or water, and they then assumed their 
normal activities when food was ed to them. 

After considerable search at San Diego in the spring of 1395, on 
April 27 Mr. Schwarz found the first epecnnens working upon seppa 
plants from roots which were then 2 years old. As the weevils first 
appeared in that locality in August, 1894, the number of hibernat- 
ing weevils could not have been as great as in succeeding years, 
and consequently in the spring of 1895 hibernated specimens were 
‘‘exceedingly rare.” At Victoria, Tex., in the spring of 1902, Mr. 
Schwarz found the first weevils working upon volunteer plants on April 
15. In the same locality the writer found, in 1903, that most weevils 
left their winter quarters between April 10 and May 1. Evidence was 
found indicating that in some fields they began to move as early as 
March 28. At Calvert, Tex., also in 1903, Mr. Harris found the first 
weevils working on cotton on April 12. At Victoria, in 1904, weevils 
were found in numbers upon seppa plants on March 14, and they 
were found moving in the field at intervals throughout the winter. 


GRADUAL EMERGENCE FROM HIBERNATION. 


Field observations at Victoria in the spring of 1904 added greatly 
to our knowledge of the habits of hibernated.weevils as they emerge. 
The opportunities for such observations were exceptionally good. The 
winter preceding was mild and dry, so that large numbers of weevils 
hibernated successfully. The same conditions insured the growth of 
a considerable number of seppa plants, which were also sue by 
warm weather early in the spring. 

The field in which observations were made contained about 65 acres. 
On this area all seppa cotton was repeatedly destroyed, except upon 
two plots which were kept for observations. Plot A, upon which 

observations in regard to the emergence of weevils were made, was 
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between 4 and 5 acres in extent. Plot B, separated from plot A by a 


distance of several hundred yards, was between 2 and 3 acres in 
extent. The general plan was to examine all seppa plants on plot A 
at intervals of about 1 week, collecting all weevils which might be 
found at each examination. As there were no other cotton fields in 
the locality, it was safe to assume that all of the weevils found at these 
successive examinations had come from hibernation within the limits 
of that field. Owing to an unusual drought during March and April 
the seppa plants obtained about 6 weeks’ start of the planted cotton 
(Pl. XVII, figs. 73 and 74), and thus the comparatively small area kept 
for examination was not influenced by any counter attraction of cotton 
in other portions of the field. 


Taste XXVI.—Gradual emergence from hibernation. 


Number of 


Number sean Number of 
of exami- Date. pie weevils 

nations. ede collected. 

1 A 4 > FC 0 ho pe ar At ei I SANE Sie at Tk a CT ME Meet ae EY aR 250 19 

PH | Wa 2 0) 0A ee ee ee Cop ee cea wae LT Ae eke SM mete ee a CaS 400 20 

Fae al ET 0) ote ae per ee ay «2 ge Foe bi Bea a eS OR hn pe RR em a 540 26 

Al AD TT Deh cbc ics ois erect ae ere end mie ia s elope es eee ee nee ames 530 35 

Bo Agr De are See oy ea Sree eer errs tapers ewer SLM Rorere en elena eee a 400 60 

Gr) ATG si Se Se Sass Sie eee ie I A eS IU pie ae ti RA lS oe rere 200 40 

(fl Waals IE TW cari ecg ae RRS De A he Sa ea ME ee ee Seo ae 250 24 

Seay Wi eee ee car es pay te ie ce Ste ee Geeta ete pie ee 420 152 

cl byes (Fs as Be Pea gs Sake ai eee ee tae a aE oa ks eR Se ese 67 95 

OF bin al eh eae neg Do ae Aa YE Pee RL I foe ey ee ee fs ea 50 60 

os Waal dO ag? eae er Be eet ee a Oe nen Ive. Sale eto 2 ee 1, 543 102 

TD? | AMIN Y 26 cos Seite tls icteie Seta ine Sis eee an restos Bo ie aetna ae Sees eee 194 15 

Boy 3 eager mia pees es aCe ne 5” Ua een. SANs ape ani Sa 5, 900 648 


From these observations it appears that normal emergence takes 
place some time in April or May in central and southern Texas, whether 
earlier or later depending largely upon the earliness of the season. 
Furthermore, the emergence of the first weevils may take place from 
6 to 8 weeks before that of the last. In this fact lies one of the two 
great obstacles which prevent the successful application of poisons to 
the early plants as a means of destroying the weevils. The second 
obstacle is explained on pages 109 to 110. Doubtless many weevils 
perish soon after emergence, even if they succeed in finding food, 
while many others never succeed in reaching a food supply. 


DISTANCE HIBERNATED WEEVILS WILL FLY TO FOOD. 


As a preliminary observation to obtain some idea as to the flight of 
hibernated weevils, two specimens were taken in a closed room, each 
being marked so that they could be distinguished. The plan followed 
was to liberate them as far as possible from the windows, then follow 
the course of their flight, estimating the distance covered each time. 
In this way weevil A, in the course of nine successive flights, covered 


a distance of about 194 feet; weevil B, in three flights, covered a dis- 


109 


tance of about 60 feet. Upon the following day weevil B was ie 
dead, while weevil A was yet alive and active. 

In making field observations, four series of weevils were ued each 
series being distinctly marked for recognition at subsequent ties 
tions. These series were liberated at intervals between April 16 and 
May 14. At each time it was certain that large numbers of hiber- 
nated weevils were emerging. The distance from cotton at which the 
liberation of the various series took place ranged from 125 to about 
600 yards. No other cotton fields were in the vicinity. Most of the 
weevils were liberated south of the field under observation, in the 
‘midst of a considerable area of grass land, so that no obstacles could 
be expected to interfere with their movement back to the cotton field. 
As the general direction of the prevailing breeze was from the south, 
the weevils had the advantage of this factor in their movement. 


TaBLE XXVII.—Flight of hibernated weevils to food. 


: peer Be 
F . of wee- | Distance and direction of libera- 
Date of liberation. cee “As PGE Gaines Pall Results. 
series. 
1904. 
ago uel) IG Oe HS ne ele ae ae HO GOO yards SOUL ac 6 6. sc--- ee ae None found at cotton. 
F LOG OO yardsisoutliss2ae0. 2 ose. eo: 
April 23.....-.-+-+-+++++++++- { 10 | 100 yards pone a ae ae Do. 
LON) 160 yards souuby.-.-224- ss2o5---56 
May 11 -.-..--.--+-+-2++-+--- { TS Z4D) VERIO Gorn Ses Sey cenoscsoudde Do. 
1D) 55 35 SOR eRe 257 | LAV ATGS|SOUUMasesemes on eels 4 weevils found at cotton in 
} next 12 days. - 
SUMAN eecrar =G 5c sass TX Dp We ape ee ba en aioy, See paw aie 4 found at cotton. 


Upon the liberation of these weevils general observations were made 
as to the height and distance of the initial flight. It was found that 
when the breeze was quite strong the weevils were very unwilling to 
to take wing, and could be induced to do so only when sheltered from 
the breeze. At such times their flights were very short. The weevils 
started from near the surface of the ground, flying at an average height 
of about 24 feet, and in the initial flight covering an average distance 
of 13 feet. Out of 120 weevils liberated, only 4, or 34 per cent, were 
ever seen upon the cotton under examination, which constituted the 
nearest possible food supply for those weevils. In the case of these 4 
weevils it was found that they averaged to cover a distance of 500 feet 
in four days. Doubtless nearly if not quite all of the remainder per- 
ished without reaching food. Though observations upon the area of 
seppa cotton were continued for about 3 weeks after the liberation of | 
the last series of weevils, no additional specimens were found after the 
twelfth day, two of the weevils reaching the cotton in 3 days. 


GRADUAL ATTRACTION OF HIBERNATED WEEVILS TO SQUARES. 


Beginning early in the spring of 1904 a large series of observations 
was undertaken to determine the general movement of hibernated 
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weevils, to find how rapidly they became concentrated upon plants bear- 
ing squares. At the time of beginning the observations no plants had 
begun to form squares. ‘The first squares were observed upon several 
plants on April 15, and the first eges were found deposited in squares 
on April 26. These plants were thickly scattered through the field, 
and consequently the distances through which they would exert an 
attractive influence upon the weevils could not have been great. (Pl. 
XVII, fig. 74.) 

Upon May 9 to 11, between three and four weeks after squares had 
begun to form, a complete examination was made of all plants grow- 
ing upon an area of about three acres, and a census was taken to deter- 
mine the number of weevils present, the number of plants bearing 
squares, and the proportion of weevils found upon plants with and 
without squares. In this examination 857 plants were carefully exam- 
ined. At that time 32.5 per cent of this total number were bearing 
squares which were large enough to be attractive to the weevils if they 
were seeking squares for oviposition. Upon the first 45 rows, which ~ 
were not quite so far advanced as in other portions, 22 per cent of 451 
plants had squares; upon these rows 61 per cent of the 159 weevils 
taken were found upon 51 plants bearing squares, and 39 per cent 
were found upon 51 plants not having squares. In the next 21 rows, 
which were considerably more advanced in growth, among 406 plants 
43 per cent had squares, and these plants had at that time 94 per cent 
of the weevils found, while the 57 per cent of plants without squares 
had only 6 per cent ie the weevils found. 

An exact idea of the relative condition of the seppa and planted cot- 
ton upon the dates April 16 and May 14 may be obtained by reference 
to Plate XVII, figures 73 and 74. Upon the latter date the planted 
cotton had, upon the average, six to eight leaves and no squares, while 
one-third of all the seppa plants examined had squares,many of which 
were fully four weeks old. In spite of the fact that much of the cot-_ 
ton had been in so attractive a condition for so long a time, these plants 
had attracted only three-fourths of those weevils which were found in 
their immediate vicinity. From these facts it seems safe to conclude 
that even under the most favorable conditions the inefficiency of as 
rows or trap plants has been demonstrated. 


GENERAL MOVEMENT OF HIBERNATED WEEVILS IN FIELD HAVING 
CONSIDERABLE SEPPA COTTON. 


Beginning early in April, 1904, a series of observations was under- 
taken to show the general direction and distance of the movement of 
hibernated weevils in a field before the planted cotton was in condi- 
tion to attract them as food. At the middle of April all seppa plants 
in a field of 65 acres were destroyed, except those growing on two 
plots—one 4 acres and the other about 3 acres in extent. These 
plots were located upon the southern edge of the field. The general 
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direction of the wind for several days after April 15 was from the 
south, and during this time few if any weevils came to the plots of 
seppa which had been preserved. Upon April 22 and 23 the entire 
field was thoroughly cultivated. At about the same time the wind 
changed, blowing from the north. During the next two or three 
days large numbers of extra weevils were found along the ends of the 
rows on the northern edge of the plots under observation, at a dis- 
tance averaging less than 50 feet from the ends of the rows. At that 
time planted cotton had not broken ground and all other seppa cotton in 
the field had been destroyed about 10 days before these weevils were 
found. Considering the change in direction of wind which had taken 
place in the meantime, it is evident that the movement of the weevils 
was in some degree related to the direction of movement of the pre- 
vailing wind. 

Between May 3 and 28 about 60 healthy hibernated ame were so 
marked as to be individually recognizable. These weevils were placed 
upon vigorous seppa plants, and 
observations made to locate 
them upon succeeding days. 
To facilitate the keeping of the 
records, the plot was divided by 
east and west lines into 8 sec- 
tions, with 45 rows running 
north and south. At the begin- 
ning of the observations with 
each weevil a stake was placed 
beside the seppa plant upon T.t 4 Dsemm of total aituness and direc. 
which the weevil was located, Approximate outline of present weevil-infested 
with a tac bearing data as to the area in the United States (original). 
date, the number of the row and section in which the plant was located, 
with the number of the weevil and its particular mark. Three-fourths 
of the weevils thus liberated were located upon two or more dates. 
When a weevil was found to have moved, the distance and general 
direction of the movement were recorded upon the tag, which was 
then moved to the new location. When a weevil was not found upon 
a succeeding date, the original location of the tag was preserved until 
the weevil was either found or given up as lost. If found after an 
interval of several days, the range of time during which the total 
movement from the original location had been effected was noted upon 
the tags. Doubtless, in many cases, the movement recorded was a 
component result of several movements, but, even if so, the general 
result of the observations is not affected by that fact. 

In compiling the general results of these observations, all move- 
ments in one direction are taken together. If it be assumed that these 
movements radiated from a common center of infestation, the general 
result may be shown diagrammatically, as in figure 4. 
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Taste XX VIII.—Summary of distances and directions. 


Direction. Distance. | ' Direction. Distance. _ 
Feet. 7 pies: ; Feet. 
bei) cs) 0 WA gies ae me nes aa Hn i SCI air 2 530-1) South... oder... cas. 2.82 oe ee 643 
vou Se esic flee NER ea cr at 662) Southwest i2....0. 3.205. ee eee 185 
aah te Sain Mila me ae ee aes 682: WW eStsaka Foo she os 22 es eee 160 
Southeast BBS tS Che BRIS ies Ue Ro ee 293 NOPEn wast Xb apes oon Monee eae eee 383 


Whether it be merely an unrelated coincidence, or a general result. 


from similar factors in each case, it is interesting to note that the 
diagram of general movement of weevils as found in this field of seppa 
cotton is strikingly similar in outline to the present area of weevil 
infestation. Merely to show this interesting likeness, and not because 
the ‘likeness has any special significance, an outline of the weevil- 
apioatod area is also given in figure 4. 

From the records of these observations it was found that the maxi- 
mum time one weevil remained upon a single plant was 18 or more 
days, the observations having been discontinued after the eighteenth 
day. The average time positively found in 73 cases was 4 days, 
with a possibility for this same number of observations of 63 days. 
‘Probably a true average lies-approximately between these results, 
and, if so, we may assume that about 53 days usually intervene between 
the movements of each weevil. In the whole series of observations, 
extending over 25 days, for weevils which were subsequently found 
after being liberated, but 57 movements were recorded. The total 
of these movements‘averaged but 62 feet each in 177 movement days. 
This would give us an average movement of but 0.35 foot per day for 
each weevil in a field where seppa plants were quite abundant, where 
squares were forming upon fully one-third of the plants, and during 
a period for which the mean average temperature was 78.6° F. 


APPARENT DEPENDENCE OF REPRODUCTION UPON FOOD OBTAINED 
FROM SQUARES. 


During the fall of 1902 a series of experiments, lasting for 12 weeks, 
was made to determine the length of life of weevils fed solely upon 
leaves. In one lot, consisting of 9 males and 8 females, the average 
length of life of the females was 25 days, while that of the males was 
36 days. Though this period far exceeded the normal time usually 
passed between the emergence of adults and the beginning of egg 
deposition, no eggs were found. Dissection of the females which 
lived longest showed that their ovaries were still in latent condi- 
tion, though the weevils were then 81 days old. Few instances of 
Hea were observed among weevils fed upon leaves alone, and 
among nearly 70 weevils which were thus tested no eggs were ever 
deposited. After a period of 3 weeks upon leaves, 11 weevils were 
transferred to squares. Females in this lot began to lay in 4 days, 
and 4 of them deposited 323 eggs in an average time of 20 days. The 
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conclusion seems plain that so long as leaves alone are fed upon, 
eggs do not develop, while a diet of squares leads to the development 
of eggs in about 4 days. It is worthy of note that the interval 
between the first feeding upon squares and the deposition of the first 
eggs is almost the same with these weevils taken in middle life as 
with weevils which have just emerged. | : 

An examination of hibernated females taken in the spring of 1903, 
which had fed for 6 weeks upon cotton leaves, showed that their 
ovaries were still latent. Copulation was rarely observed among 
hibernated weevils until after squares had been given them. Ina few 
_ days after feeding upon squares, mating and oviposition began. The 
average period was from 38 to 5 days, and, having once begun, ovipo- 
sition continued regularly. 

It has been found that food passes the aVeuewtnt y canal in less than 
24 hours. Assimilation, therefore, must be very rapid. It is evident 
that while leaves will orghae ee certain nutritive elements found 
only in squares are essential in the production of eggs. _ 

These experiments were repeated in 1904 with similar results. 

Upon dissecting weevils just taken from hibernation, it was found 
that females contained no developed eggs, but that their ovaries were 
in an inactive condition, similar to those of females which had fed for 
months entirely upon leaves during the previous fall. Upon examin- 
ing females taken from seppa cotton later in the spring, but before 
squares had appeared, it was found that they also were in similar 
condition. This was also true of females kept in the laboratory from 
the time of emergence from hibernation until squares became abun- © 
dant with only leaves for food. It seems peculiar that upon a purely 
leaf diet eggs are not developed, but all observations made indicate 
that this is the case. It can not be said definitely whether the females 
examined had been fertilized, but it is certain that they were not 
ready to deposit eggs. 


PROGRESS OF INFESTATION IN FIELDS. 


From among the many notes made upon this point the results of 
the study of two fields are here presented. The first field, consisting 
of about 15 acres, had been planted in cotton for several years and 
was closely surrounded by other cotton fields. The second field of 
35 acres was upon newly broken land and situated in a comparatively 
isolated location. 

Examinations were made frequently to determine approximately the 
percentage of infested squares present in various parts of these fields. 
The conditions of the examinations were made as uniform as was 
possible. The fields were divided into blocks, and practically the 
same ground was covered in each block upon succeeding examinations. 
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Taste X XIX.—Progress of infestation, field 1, Victoria, Tex. 


pa ss Number 
of Percent- | 


Block. Date. nee Dy squares age. Remarks. 
Scien infested. : 
1903. : : 
SURG 85 Oot e ae cee nse 4, 200 675 16.0 | Work of hibernated weevils only. 
SUhy Waesicsck eee 467 yA 45.0 | Second generation at work. 
A SON Ae 7 .cc ce eco 249 193 77.5 | Third generation beginning. 
Augerst 45 nes oeee Ae 278 224 80.6 
August 29.23... 91 85 93.5 | About four generations now working. 
Bb 2250 Se Se crea 358 168 46.6 | Mueh cotton dying from root rot. 
II AWSUST Meee Loe as sete 331 148 44,7 | / 

Aust aca ae a 800 160 33.3 
AUSUSH Ana secee.2 699 636 91.1 

OUGhs = eo 6, 973 2, 440 35.0 


The observations made in Block I cover a longer period, and are, 
therefore, more suggestive than those made in Block Il. Evidently 
infestation began with the first appearance of squares. So long as 
the hibernated weevils alone were at work the percentage did not 
increase very rapidly, but with the advent of the second generation 
a much larger proportion of the squares became infested. Corre- 
sponding increases are seen with the third generation, but from that 


time on so large a proportion of the squares were infested that the 


percentage did not increase so rapidly. It may be noted in each 
block that the maximum percentage of infestation is slightly over 90. 
Some clean squares may always be found, however numerous the 
weevils may be, but those which escape weevil puncture are mostly 
less than half grown, so that while the percentage varies but slightly, 
few of these clean squares would escape the later attacks of the 
weevils and form blooms. In Block I the infestation was quite gen- 
eral. The situation of the block was especially favorable to the hiber- 
nation of a large number of weevils. Bounded on one side by a fence 
row, on the opposite side by a cornfield, and at one end by the build- 
ings used by the tenant, an abundance of hibernating places was 
afforded the weevils, and as a result they came into the field in the 
spring from all those directions (Pl. XVII, fig. 75). It was noticeable, 
however, that the portion of greatest infestation early in the season 


lay in the corner between the fence row and the buildings. From the 


fence row especially the weevils spread toward the center of the field. 
The second field, as has been stated, was comparatively isolated, so 
that infestation first began late in the season. Block IJ in this case 


a 


lay in the corner between crossroads. Block II adjoined the road ~ 


farther on, while the third block was taken as far from these two as 
was possible. Infestation began in the corner covered by Block I. 
In studying this block, lots 1, 2, and 3, as numbered in the table, were 
taken diagonally across the block, away from the corner. Block I 
was separated from Block I by corn, the ends of the rows being at the 
road which passed the point of original infestation. The lots in Block 
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II were taken in their order at varying distances from the road. 
Block UI was some distance from the others. In this case lot 1 was 
taken along the edge on the side toward the other blocks, while lot 2 
was taken in the middle of the block. 


TABLE XXX. — Progr ess of epesnio field 2, Victoria, Tex. 


Number | ~umber | Percent- {| 
Block.| Lot : Date Ss fake S age of Remarks 
ic al vam. | Squares | infesta- San 
aed infested.| tion. 
1903. 

l ota (Eee see ao a ae Infestation began in this corner. 
ANISUSE 222 22 ce os 1 301 ; : F 

SipAtienist6......-....- 210 12 5.7 \Lot 2, in middle of Block I. 

3 SC (02 Seats eee 200 0 0.0 ore 3, opposite corner of block from 
August rues ans ne 362 | ~ 241 66. 6 ] 

1 Moet Dy sae Lie 185 62 33.5 et . near ae road, passing lot 
ANI PMS 245 - oe.o <a 5 180 156 86.7 1 of Block I 

Il 2 AMUSE TBC. 2a we os 202 31 15.3 

PSARE TG TOA a ccons 2 wicicye =. 136 105 idee 

3° AMP USEMS: swccce. ae 150 9 6.0 
AUST 2... So S55 ate = ae ' 
IMGONMISH AT 2 eb e 2s Se 21 1% 

=> aes ‘August 29. ooo. 259 228 88.0 ge 
weMstihyos Sel oS ce 166 eo : fs 
- asacnat Bic 330 290 38.0 [Middle of block. 


From a study of Block I it is evident that infestation began some 
time in July, since when first found it was entirely restricted to a 
small area. A study of each block chronologically shows the steady 
but rapid progress of the weevil, as does also a comparison of the 
three blocks at the nearest possible dates. The tremendous activity 
of weevils in midsummer and the possible rapidity of their spread is 
clearly shown in this field. 

A study of two other fields yielded practically similar results. The 
dates of examinations, with the percentages found in each case, will 
be given. In field 3 there was found, upon June 2, 3 per cent of infes- 
tation; on July 16, 25.9 per cent; on August 15, 65.9 per cent. This 
field was from native seed and was planted about three weeks earlier 
than field 4, which was of King seed, and just across a turn row from 
field 3. In field 4 infestation began very late, as on August 8 there 
appeared to be only 2 per cent and on August 15, 23.6 per cent, while 
on August 26 it had increased to 91.5 per cent, which is about the 
usual percentage of maximum infestation. 
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TaBLE XX XI.— Odservations upon infestation, various localities, 1904. 


s [a ¢ iss la lee |a jeg Beals 
5. | a ig 182 ee | oa ee ee 
Fal sg A jaw | fa jas. 3 |gS |ses| 22 
RO bd 3 +s = fae PS) = 7 | er em" me) 2 
23 | es J S |SF |Ssz|8S | 2a io” |SFa) gs 
Locality (Texas). | *& |. & o $ |82.| $8 [5 83 |S 4/pS3| 8S 
og S B a [Ao ae | 4| Ho AS S| 5) Ag 
HS | aS =) 5. joo Sl 5 om] Be lo Pod} of 
o os coy ok =| mH Ee (a ont oH n Ped 
aoe 3 a |£85| a4 £83] aS |fatlesd| 2° 
5 | 5 3 € |2e5| $8 |ee5| S .lekblees| g 
A A Ay <a) <q ‘= Se) <a <4 <q <q 
1904. 
Callivent): 253 222525525 IZ) 2 | Aug. 23t0 | 2,'754 ['94.0 | 25h | 9:1] “do ite 17 
Sept. 9. 
Corsicana: 
EN ee neonate weit Gein 12 5 | July 29 to] 6,951] 72.4] 376} 5.7 | 2,506 | 71.9 
Sept. 12. | E \ 
iBiteieee eee ee 11 5 | July 28 to | 4,534 | 80.4] 407 | 9.0! 3,261 | 64.9 
Sept. 12. 
Meas Nas. oe ek 15 9) Jay i 6,445 | 64.4} 317] 5.0] 4,618 | 64.9 
ept. 13. % 
Palestine. 3.25 30.2.2. oe, 2 ee a a 8,719 | 91.8 | 274 7.41. 2,456 | 92. & il 8.2 
ept. 14. : 
WATE) 1G ae ee ae ane 11 UES td bes StO® | 227) (de 25 lO Ne Hee 544 | 66.9] 6.1] 44.6 
ept. 24. 
Whar tomes sooo tie 4 41 July 22to.| 5,005 | 65.0 | 167) 3.3 230 | 46.4 | 10.2 | 25.3 
: Aug. 25. 
Mota ieee soe 67 1 et June 18:t07) 492685122. POG cere 14,7902 55203 Noe eee ee 
Sept. 24. 
AV CLARE Ae xe fete (Oe Se ciel Om eta ee yee | oceans ae Usa ee 4:6: Settee SOl0F | 2a2 Wein. a 


_ Under the conditions usually prevailing cotton will cease to make 
when about two-thirds of the squares have become infested, since the 
weevils have then become sufficiently numerous to attack nearly all 
of the remaining clean squares before they have time to bloom and 
form bolls. Even bolls which have set before this percentage of 
infestation is reached are not entirely safe, as the smallest ones will 
be more readily attacked by weevils, as they have greater difficulty 
in finding uninfested squares. 


WEEVIL INJURY VERSUS SQUARE PRODUCTION. 


At the beginning of infestation the indications of the weevil’s pres- 
ence are inconspicuous. Even when considerably advanced most 
farmers do not recognize the injury, and thus are led to believe that 
the insect has not appeared. Among the most conspicuous indica- 
tions of the weevil’s presence may be mentioned the falling of infested 
squares. As the squares remain on the plant after they become 
infested fully as long as they lie upon the ground between the time 
of their falling and the emergence of the weevil, it is plain that less 
than half of the actually infested squares will ordinarily be observed. 
Previous to falling, infested squares gradually turn yellow, and in 
most: cases flare somewhat; but flaring 1s by no means as closely retated 
to weevil injury as might be supposed. As the percentage of infesta- 
tion increases, the great numbers of squares on theeground must attract 
attention. (Pl. XV, fig. 68.) Shedding of squares may take place for 
other reasons than the attack of the weevil, but in fair weather, when 
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large numbers of squares are found upon the ground, the weevil is 
probably present. As infestation approaches its climax there is a 
great decrease in the number of blooms, and when a field is found 
at blooming age with many squares but no blooms the weevils are 
almost certainly abundant. The conditions named form the most 
conspicuous indications of practically total infestation. During the 
season of 1903 it was found that a condition of total infestation was 
reached some time between August 1 and 20 in most fields within the 
infested area. This condition is, as a rule, coincident with the appear- 
ance in large numbers of weevils of the fourth generation. The exact 
time will vary in different seasons, and even in adjacent infested fields, 
because of varying conditions. 

Not only is the maximum number of weevils present in the field in 
midsummer, but their capacity for injury is also greatest at that time. 
Practically all of the crop that will be made must have been set before 
this time. After this bolls will form only by accident. 

A large series of examinations made by Messrs. Harris and Morrill 
at Calvert, Tex., shows the very rapid increase in the percentage of 
infested squares which usually takes place a few weeks earlier than 
it did in 1903. The figures given in each column in the table show 
also the closeness with which the weevil activity kept pace with the 
formation of squares after the period of maximum infestation had 
once been reached. ‘The general influence of climatic conditions may 
be seen by a comparison of the last two columns in the table, but this 
point would be much more clearly shown by a series of examinations 
made during the first half of the growing season, at which time tem- 
perature and moisture would have greatest influence upon weevil 
development‘and injury. One hundred squares were picked promis- 
cuously in each block for the determination of the percentages given 
in the columns for these 34 blocks, thus making a total of 17,000 
Squares examined. 


Taste XX XII.—Study of the infestation of the cotton fields at Calvert, Tex. 


Block. 


Time of record. 


1/2168 4 | 5 6/7 | 8 | 9 |10)11 | 12 | 20) 21 | 22 
1903. 
PASS DOs ole wo 'cieinleule o'o\ale aielslaielete 72 | 68 | 64}] 65] 71} 63 | 66 | 68 | 59 | 60 | 59 | 60 | 46 | 46] 55 
5 EUG STs 0 er ea ‘96 | 91 | 96 | 100 | 96 | 97 | 98 | 98 | 90 | 87 | 90 | 88 | 92} 95} 89 
Se oy ee re 93 | 94 | 92} 94] 97 | 94 | 93 | 92 | 95 | 92 | 94 | 96 | 88 | 89] 90 
CU ee ee eee 92) 81 |.89 | 91 | 97 | 92 | 91 | 89) 89 | 91 | 94 | 96) 95 | 94) On 
OeUOMCT 22 IA eee sian. voice since Suysie ee 94°} 93 | 90"| 90; 91} 92 | 88} 83 | 92) 99) 96 | 94 ).95 ) 93 | OW 


Time of record. 


a a | 


1903. 
cas UCSC Ly oe Se a 48 | 50 | 54 | 47] 49] 52) 54] 58 | 54] 54 | 57 | 55 | 62] 66) 58 
Enema eT 24 o.3 fo 5 a gaadie sa = 2 GON iedt a) Ole Oe She NOE hon Ole oil Oan Oo Ovi Oomieo tat aoe 
peprember 1417. oo 2 aden t ect OOZES 928 94s P93e) 925690) 965194596" 1893: | 94" 93a O2 sob 
LSI IE ES erent eae 94 | 94 | 90} 96 | 93 | 94 | 92 | 92 | 95 | 99 | 94 | 96 | 92 | 87] 89 
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TABLE XX XIT.—Study of the infestation of the cotton fields at Calvert, Tex.—Continued. 


Block. Average 
ee SS 
Time of record. tion for Climatic conditions. 
53 54 55 56 | entire 34 : : 
blocks. 
Per cent. ; 
August 15-17.....-.. 64 69 67 62 58.88 | Rainfall in July, 1903, 8.61 inches (or nearly 


four times normal rainfall); Aug. 1 to 15, 
nearly normal rainfall (0.79 inch, Aug. 2). 
E Average temperature, July, 85° F.; Aug. 
1 to 15, 852° F. 
September 2-4..... 89 94 90 97 91.41 | Rainfall from Aug. 15 to Sept. 2, 0.9 inch 
(nearly normal). Average temperature, 
same period, 842° F. vi 


September 14-17...} 91 96 97 95 93.20 | Rainfall from Sept. 2 to 14, 0.8 inch (about 
re normal). Average temperature, 
October 1-3... 4... 73| 92| 88] 89 91.56 | Rainfall from Sept. 14 to Oct. 1, 0.14 inch 


(about one-tenth normal). Average temper- 
‘ature, 762° F. 


October 22--24...... 95 99 98 95 | 93.67 | Rainfall from Oct. 1 to 22, 3.63 inches, (more 
than two times normal). Average temper- 
ature, 74° F. 


Stillanother series of observations made by Doctor Morrill, at Austin, 
Tex., shows that similar conditions prevailed in localities nearly 100 
miles apart. For each of these percentages 300 squares were exam- 
ined, thus making 14,400 observations in the series. 


TaBLeE XX XIII.—Study of the infestation of cotton fields at Austin, Tex, 


Time of record. 


August il Die en ae 29.0 | 34.0 | 11.0 |} 15.0} 10.0 | 9.0} 19.0 | 33.0 | 43.0 | 43.0 31.0 
September 7-9. .-..-.<....- | 95.3 | 95.0 | 95.3 | 96.7 | 92.7 | 87.3 | 95.0 | 96.7 | 96.7 | 96.7 | 95.3 | 93.7 
October 5-7 ......-.-..-..- | 90.3 | $8.0 | 90.3 | 90.0 | 94.7 | 85.8 | 92.0 | $2.0 | 96.0 | 96.0 | 92 96.0 
Block. Average 
a TESA 
Time of record. tion, en- Climatie conditions. 
13 14 15 16 tire 16 
blocks. 
Per cent. 


33.0. | 86.0 | 49.0 | 55.0 30.37 | July rainfall, 12.65 inches (above nor- 

mal 10.35 inches). Mean average 

temperature, July, 82.6° F. 

93.7 | 98.0 | 98.3 | 97.7 95.25 | August rainfall, 0.79 inch (below nor- 

mal 1.64 inch). Mean average tem- 

perature, 82.6° F. 

92.0 | 89.3 | 92.7 | 92.7 91.87 | September rainfall, trace (below nor- 
mal 3.72 inches), Mean average tem- 

perature, 76° F. 


ee 


As the first records at Austin were made about 10 days earlier than 
were those at Calvert, they serve to show a much greater total increase 
in the average infestation during August, though the average daily 
increase in the percentage of infestation agrees very closely in the two 
localities, being 1.8 per cent at Calvert and 1.9 per cent at Austin. 
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EL 
EFFECT OF MAXIMUM INFESTATION UPON -WEEVIL MULTIPLICATION. — 


As may be seen by reference to Tables X XIX, XXX, XXXI, 
XXXII, and XX XIU, maximum infestation is usually reached some 
time between August 1 and 20. It is probable that at that time the 
majority of the third-generation weevils are becoming adult. As 
shown .on page 97, a conservative estimate would place the possible 
number of third-generation weevils at about 250,000 ‘individuals. 
. This number is practically all that can be produced upon each acre of 
ground. As soon as they become adult, therefore, ard begin to 
attack squares, the field, within a few days, becomes overstocked with 
weevils. 
_ A decrease in square production accompanies the maturity of the 
bulk of the crop, owing to the fact that the assimilative power of the 
plant is largely consumed in maturing seed. Dry weather normally 
occurring at this period also causes a decrease in the number of weevils 
present. Not only are there less squares to become infested, but each 
square is also subjected to greater injury, and many which would other- 
wise have produced weevils are unfitted as food for the larvee by the 
decay which follows the numerous punctures. Several eggs may be 
deposited in one square, but as a rule only one weevil will result. 

By this time the number of weevils has become so great that the 
supply of squares is insufficient to meet their need for both feeding 
and oviposition. Selection of squares, so that these two portions of 
their attack may be kept separate, can no longer be exercised. Female 
weevils are forced to deposit their eggs in squares which have either 
received other eggs or been largely fed upon, and a much larger pro- 
portion of squares at this time show that feeding punctures are made 
in squares having eggs or larve. By these two factors the mortality 
among young larvee especially is greatly increased. Since the growth 
of the plant practically ceases during the period when the majority of 
bolls are opening, new squares are not formed, and consequently the 
number of weevils produced through September becomes compara- 
tively small at that time; also many of the older weevils, especially 
those of the first generation, die normally. Comparatively few of the 
weevils developed in large bolls will emerge before October. In con- 

_ sequence of all these factors the actual multiplication of the weevil is 
not only checked but very greatly reduced within afew weeks after a 
condition of maximum infestation has been attained. While the actual 

number of weevils begins to decrease within a short time after the 
period of maximum infestation is reached, the apparent numbers may 
possibly be greater. The decreased number of squares serves to con- 
centrate the weevils upon those remaining, and therefore the number 
of weevils found in any square will be so much the greater. 
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- PROPORTION OF SQUARES ATTACKED THAT ARE NOT DESTROYED. . 


Observations on this point have been continued through two sea- 
sons. The results may be most briefly given in the form of a tabular 
statement. 


Taste XX XIV.—Proportion of squares attacked that are not destroyed. 


Squares | Blooms 


Period. attacked.| formed. 


1903. Per cent. 
SUC CSIP MISE ae eh oes cco sae Son ned Sic aes ba ele wea me Sete ees Ac 334 18.3 
aaa LOUN OMEMED ER fo ces .c cians ce nae ant sc eisate oe Oe eee ae ) 


APUIOMCOMNUUN ie ols mais oo Sie a oo ain <a Devens eae nw ale eee ences She eee nee eee 
ey TOMAMEMISE 32 2350. 2s 3. Spt soln jeans UO ee ate ne a me 
AMUSE LO September 2.2.5 scien e crete srs 2 oe electors ee iaie eee re eerie ee 


NOt SB 2 sonic nec Sh ee a oe ee Ee eae a ers 


aToo late to reach maturity. 


The results shown in the preceding table may be summarized by 
saying that upon the average one square in five of those attacked forms 
a bloom sufficiently perfect to open, and that one-half of the blooms 
thus produced, or 10 per cent of the squares attacked, ultimately 
result in the formation of normal bolls. | | 


RELATION OF WEEVILS TO ‘‘ TOP CROP.” 


The hope of gathering a top crop is the ‘‘ will-o’-the-wisp” of cotton 
planters. After considerable cotton has been matured fall rains often 
stimulate the production of a large number of squares, and many 
planters are misled by the hope of gathering a large top crop from 
this growth. The joints of the plant are short, and the squares are 
formed rapidly and near together. Though weevils may have been 
exceedingly numerous in the field, their numbers will have become so 
decreased in the manner described under the preceding heading that 
they can rarely keep up with the production of squares at this period 
of rapid growth. Many blooms may appear, and the hope of a large 
top crop increases. 

The fact, however, as stated by prominent growers, is that before 
the appearance of ihe weevil they actually gathered only about three 
top crops in 25 years. The chance of its development, though always 
small, becomes hopeless wherever the weevil is present in considerable 
numbers. (See Tables X XIX to XXXIV, and average of infestation 
of entire fields, p. 115.) Neither the hopelessness of gathering a top 
crop nor the actual injury which is being done to the crop of the suc- 
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FALL INFESTATION AND DESTRUCTION OF STALKS. 


Fig. 76, A view of cotton stalk loaded with infested small bolls taken from field at time stalks 
should have been destroyed; fig. 77, a view of field showing many infested small bolls, stalks 
standing after they should have been destroyed; fig. 78, work of destroying stalks, forming 
windrows for burning (original). 
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ceeding year by allowing that growth to continue until frost kills it, is 
generally appreciated by planters. Because of the apparent abun- 
dance of squares and the presence of many blooms the plants are 
allowed to stand long after they might otherwise have been destroyed. 
As is the case in the early spring, however, the abundance of squares 
increases greatly the production of weevils; and though a few bolls 
may set, they are almost certain to become infested before they reach 
maturity. (Pl. XVIII, fig. 76.) Every condition, therefore, contributes 
to the production of an immense number of weevils very late in the 
season and at just the right time for their successful hibernation. As 
the result of this, far greater injury is done to the crop of the follow- 
ing season, with no actugl gain in the yield of the present season. 
Furthermore, plants standing until frosts kill them are often allowed 
to stand throughout the remainder of the winter, and these furnish 
an abundance of favorable hibernating places for the weevils. (PI. 
XVIII, fig. 77.) The consequence of this practice is that so many 
w-evils are carried through the winter alive that the yield of the next 
year will be much less than what it might have been but for the 
farmer’s indulgence of the forlorn hope of a top crop. 

From these considerations it seems plain that within the weevil ter- 
ritory all hope of a top crop must be given up and the destruction of 
the stalks be practiced as early in the fall as may be possible. This 
practice is one of the essential elements in the successful control of 
the weevil. 


SOME REASONS FOR THE EARLY DESTRUCTION OF STALKS. 


It is naturally impossible to fixany date for the destruction of stalks 
which would apply to all localities and under all conditions. The con- 
dition of the soil must be considered as well as that of the maturity 
of the crop. While the condition of the soil can not be changed, the 
time of the maturity of the crop is largely within the control of the 
planter, since by early planting of early maturing varieties nearly 
the entire yield may be matured before the usual time of picking of 
the first cotton from native seed. Whatever the qualifications which 
must be made, they do not decrease the general strength of the reasons 
which may be given for the early destruction of stalks. The principal 
' reasons are three in number: 

First, the absolute prevention of development of a multitude of 
weevils which would become adult within a few weeks of hibernation 
time. The destruction of the immature stages of weevils already 
present in infested squares is surely accomplished, while the further 
growth of squares which may become later infested is also prevented. 
This stops immediately the development of weevils which would nor- 
mally hibernate successfully, and by decreasing the number of weevils 
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which will emerge in the spring the chances of a good crop for the 
following season are gr eatly increased. 

The second reason is that by a proper manipulation of the sdditigs 
a very great majority of the weevils which are already adult. can be 
destroyed. One of the most successful practices is to throw the stalks in 
windrows (Pl. XVIII, fig. 78), and as soon as they have become suffi- 
ciently dry they may ee burned. The practice of leaving every tenth 
row for a trap row, to be cut and thrown on the windrows at the time 
of burning, is not recommended, since it has not yet been shown to 
possess sufficient advantage to offset the trouble of dividing the work 
and the risk of carrying a large proportion of the weevils two weeks 
_ nearer hibernation time. If the weather js favorable, the burning 
may take place in about two weeks, and many of the weevils will not 
have left the cotton stalks by that time. In case rains delay the dry- 
ing it will be found advantageous to expedite burning by the use of 
crude petroleum or Beaumont oil. Grazing the fields with cattle, as 
some have recommended, will destroy much of the growth and pre- 
vent further development of weevils, but it allows enough of foliage 
to remain to sustain the life of many which are already adult until it 
becomes sufficiently cold for them to hibernate. Not only does burn- 
ing destroy most of the weevils, but it also destroys the shelter which 
might be afforded the few that would escape, and the chances of suc- 
cessful hibernation are largely decreased by this practice. 

The third reason may be found in the fact that the clearing of the 
ground renders possible a deep fall plowing. This catches such wee- 
vils as might still be in squares on the ground. The ground becomes 
clean by this practice, so that no vestige of the food plant remains, 
and living weevils, if by any possibility they have escaped thus far, 
must either starve or perish from exposure. Furthermore, fall plow- 
ing places the ground in the best possible condition and makes it 
ready for immediate working as early as planting may begin in the 
spring, thereby saying delay in the starting of the crop. As stalks 
must be destroyed in some way before the field can be replanted, the 
practices here mentioned will not add greatly to the cost of destruc- 
tion. Even if some cotton is present upon the stalks at the time of 
their destruction, this small item is hardly worthy of consideration in 
comparison with the greatly increased crop and the more early matur- - 
ing and better quality of staple which may be obtained by the adop- 
tion of this recommendation. 

Having studied carefully the methods of weevil sioteral which have 
heretofore been recommended, the writers firmly believe that the 
destruction of the stalks in the early fall is the most effective method 
known of actually reducing the numbers of the weevil. Early destruc- 
tion will cost but a small fraction of the expense necessary to the fre- 
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quent picking up of the squares infested by hibernated weevils in the 
spring, and is far more thorough as a means of reducing the numbers 
of the weevil than is the practice of picking hibernated weevils from 
the young plants. 

Karly destruction of the stalks is essential to the greatest success of 
any system of controlling this pest. All other practices recom- 
mended—early planting of early maturing varieties, thorough culti- 
vation, fertilization, etc. (see p. 163)—though very valuable in securing 
the crop, are perhaps of greatest value because they prepare the way 
for this early destruction which so reduces the actual number of wee- 
vils hibernating successfully that the other recommendations may 
yield their best results. Since the earliest investigations made by this 
Bureau upon the boll weevil, it has been recognized that this practice 
is of the first importance, and the experience of recent years has but 
- added certainty to this conviction. Planters have, however, been slow 
to change their methods of cultivation, but enough have adopted the 
recommendation to prove its efficiency. It must not be thought that 
the procuring of the zmmediate crop is the only desideratum. arly 
and complete destruction of stalks is undoubtedly the most important 
single element insuring success for the subsequent year. 


DISSEMINATION. 


Dissemination, in the broad sense of the term, may be considered 
as including all means or methods by which the weevil is spread to new 
localities. In the following paragraphs, under the subject of migra- 
tion, are included those factors by which dissemination is accomplished 
through some effort upon the part of the weevil itself. 


ARTIFICIAL AGENCIES. 


Among these agents will be enumerated the principal factors assisting, 
either directly or indirectly, in the movement of the weevils apart 
from their own efforts. Two principal lines of spread will be found 
along railways and watercourses. Between localities separated by 
short distances traffic along highways is probably a large factor, and 
over longer distances the usual means of commercial traffic must be held 
responsible. Shipments of cotton, whether for ginning or in baled 
condition, are likely to carry many weevils. Shipments of seed for 
planting coming from infested localities are almost certain to carry 
weevils, and shipments of seed to oil mills may also assist in scattering 
them. The pests are often carried far outside of infested regions in 
the shipment of seed to northern and eastern oil mills. From the mills 
they are carried to the farmers in the hulls or other by-products 
used for feeding cattle. Many of the isolated colonies in northern 
-Texas originated in this manner. | 
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WEEVILS IN SEED HOUSES AT GINNERIES. 


Careful observations made by Mr. E. A. Schwarz at Victoria 
throughout the winter of 1901-2 revealed great numbers of weevils 
about the gins. They occurred especially in the seed houses, and the 
danger of the transportation of the pests from one looney, to another 
was most evident. 

A casual examination of the fees separators or cleaner feeders which 
are now in use in the more modern ginneries shows that immense 
numbers of weevils brought in from the fields are separated from the 
lint by these devices. Even where these separators are used, however, 
a short search will show that many weevils pass through, alive, into 
the seed house. A single hour’s search in the seed house of a first-class 
ginnery, where cleaner feeders are in use, yielded seven boll weevils 
in perfect condition and a number of other and much larger insects. 
In addition to these, a number of fairly large spiders, most of which 
were in perfect condition, were also found. Occasionally pupze may 
pass through the gins unharmed in small bolls in the cells formed by 
the larve. These cells are similar, both in size and shape, to the seed, 
and may often be mistaken therefor. (Pl. IV, fig. 17.) Distribution 
of weevils in seed is therefore easily possible, and uninfested localities 
should guard carefully against importing weevils in this way. 

During the past season thorough studies have been made of various 
general systems and mechanical devices used to handle cotton from 
the wagon to the bale. Careful tests were made to determine 
exactly at what points the weevils passed through the machinery alive, 
thus escaping into the seed. Study was also made to determine the 
most effective devices now in use for eliminating or destroying the 
weevils in the process of ginning. The general results of these studies 
have previously been published in Farmers’ Bulletin No. 209, entitled, 
‘*Controlling the Boll Weevil in Cotton Seed and at Ginneries.” 


GIN AGENCY AT BORDER LINE OF INFESTED TERRITORY. 


Extended investigations made by a number of agents of the Bureau 
of Entomology early in the season of 1904 determined practically all 
points of infestation then existing in the western parishes of Louis- 
iana, and in each case, so far as was possible, the source of infestation 
was traced. In this way it was found that during the fall of 1903 
many cotton growers from the eastern edge of the infested district in 
Texas took their cotton across the line into Louisiana for ginning. At 
that time the Louisiana territory was not infested, but, through the 
practice mentioned, a number of gins became so infested with weevils 
that planters from the western parishes of Louisiana who came to 
these same gins with their cotton carried away weevils with the seed. 
It was found that these intermediate gins were largely responsible for 
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CONDITIONS FAVORABLE AND UNFAVORABLE TO WEEVIL SPREAD AND ACTIVITY. 


Figs. 79, 80, Small bolls taken from cotton seed in uninfested territory which later produced 
weevils; fig. 81, comparison of pilosity on stems of King and Mit Afifi cotton: fig. 82, section 
of boll injured by weevil feeding, showing puncture and dried gelatin formation—all nat- 
ural size (original). 
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numerous rather isolated infestations which were discovered early in 
1904. The area thus scatteringly infested formed a narrow strip 
extending eastward from the area of general infestation varying in 
width from 5 to 50 miles, and comprising altogether an area of about 
2,500 square miles. The widest portion of this area coincided with 
the region of greatest commercial activity. 


DISSEMINATION THROUGH SHIPMENTS OF SEED COTTON AND COTTON 
SEED. 


No more striking instance of the carriage of weevils in the seed 
cotton could be given than that by which the weevil was originally 
carried from the Brownsville region across a stretch of non-cotton- 
producing country nearly 100 miles in breadth to Alice, where the 
cotton was taken for ginning in 1893 and 1894. But for this assist- 
ance the invasion of the principal cotton-growing area of Texas might 
have been many years delayed. 

Aside from circumstantial evidence, numerous observations have 
proven that weevils may, and often are, contained in shipments of 
seed from infested localities. Plate XIX, figs. 79 and 80, show two 
small bolls taken from seed thus shipped from infested to non-infested 
territory. When found, these bolls contained live weevils. This 
instance is only one of many that might be given. 

On January 5, 1903, it was discovered that Texas-grown cotton seed 
was being imported into the southeastern part of the Laguna district 
in Mexico.* Examination of this seed, made by Prof. L. de la 
Barreda, revealed the fact that six lots had been received from infested 
points in Texas and that each of these lots was at that time infested 
with live boll weevils. The results of an examination of samples from 
three consignments is given below: 


TABLE X XX V.— Results of examination of infested cotton seed shipped to Mexico. 


Number 
of sacks Boll 
of seed | weevils Alive. Dead. 
exam- found. 
ined. 
8 27 2 5) 
4 11 2 9 
2 57 10 47 
14 95 14 81 


The results of these careful examinations show only too clearly the 
possibility of transporting live weevils in shipments of cotton seed. 


@ Boletin de la Comision de la Parasitologia Agricola, II, 2, pp. 45-58. 
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TREATMENT OF SEED FOR SHIPMENT. 


Since under exceptional conditions it is often desirable and some- 
times necessary to allow limited. shipments of seed from infested to 
noninfested territory, some means of treatment has been sought by 
which the danger of carrying live weevils with the seed will be prac- 
tically eliminated. To discover some effective method of treatment 
each of the most promising fumigants was carefully tested. Among 
these carbon bisulphid (CS,) proved to be most effective. Treatment 
with this, however, was successful only when the application was made 
with apparatus specially designed for this purpose. Instead of expos- 
ing the bisulphid above or outside of a mass of seed, as has been the 
usual practice heretofore, an apparatus was devised by which the 
vaporization of the liquid was forced and the vapor driven into the 
mass of seed and its diffusion accelerated by pressure from an air 
pump. This method of forcing the vaporization and diffusion of 
carbon bisulphid is original, and has been fully described in Farmers’ 
Bulletin No. 209, pages 9-11. By it two men can treat fully a thou- 
sand bushels of seed in a day, with an expense, for bisulphid and labor, 
averaging about one-half a cent per bushel. Even with the most 
careful treatment, however, it can never be guaranteed that seed is 
absolutely free from the possibility of carrying live weevils, since, 
occasionally, the weevils may be found in small, hard, tightly closed 
bolls, such as were those shown in Plate XIX, figure 79, before the 
weevils emerged. It is doubtful whether even a thorough treatment 
with carbon bisulphid would destroy weevils so thoroughly protected 
as were these. The best that can be said of seed thus treated is that it 
is probably free from living weevils. 

For methods and experiments dealing much more fully with the 
general subject of the relation of gins to weevil dissemination we must 
refer to Farmers’ Bulletin No. 209. 

Besides guarding against unrestricted movement by shipment of 
possibly infested seed, great care must be exercised to properly clean 
cars in which shipments have recently been made. Experiments 
made in this work indicate that a satisfactory method of treating such 
cars where steam connection is available is to close the doors as tightly 
as possible and turn into the car a jet of live steam, continuing the 
treatment for about five or ten minutes. This treatment has been 
found to kill weevils placed in the least exposed portions of the car. 
A general outline of the experiment by which this conclusion is 
sustained is as follows: . ° 

For treatment a box car was selected of 34 feet, inside measure, and 
having 60,000 pounds capacity. - Weevils, part of which were fully 
exposed and part buried under about three-fourths of an inch of seed, 
were placed in the far corners of the car upon the floor. In one corner 
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also was placed a thermometer registering 140° F., which was the 
‘highest gradation obtainable. Steam under a pressure of 120 pounds 
was admitted through a half-inch pipe extending about 2 feet into the 
car and at about 2 feet from the roof. The temperature outside was 
about 55° F., with no wind prone ne The treatment was continued 
for five panies 

Upon examination it was Ed that the thermometer bulb had been 
shattered; weevils fully exposed were all dead, while those buried in 
seed were still alive. In another treatment continuing for ten min- 
utes the weevils buried in the seed were also killed. 

These results indicate that as a general rule cars should be swept 
fairly clean before the treatment is attempted in order to insure suc- 
cess. The credit for these experiments belongs to Mr. A. C. Morgan. 


-DURATION OF LIFE OF WEEVILS BURIED AMONG VARIOUS GRAINS, ETC. 


Owing to the fear that weevils will be shipped with grains, experi- 
ments have been made to determine how long weevils confined motion- 
less, as they would be when buried in a mass of grain during warm 
weather, might survive. The result of this experiment may be com- 
pared directly with the duration of life of weevils without food but 
unconfined (p. 47). 


TaBLE XXX VI.—Duration of life of weevils buried among grains, ete. 


Average duration of life. 
Number : 2 


of Character of 
Date started. ae evils Teter aed Male. Female. 
tested. 
Number.| Days. | Number.| Days. 
1904. 
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Jute 25 tO: JG 28. 20 cess oe 13| Excelsior ....2.:.- 7 1.9 6 3.0 
Ree eee ue ks Berkey? os. sees eee 3 3.0 2 3.0 
June Z POR MUMETS Oe saree Se LESS SHG 52 SSI 7 Pant) 8 3, 25 
SRE EY ern ten a enc Meets DESH A ORT eRI oe elas pens’ 8 3.4 6 3.0 
ae S LOCA UB LT) tae Sey oc cctse 23 | Uneonfined....... 15 6. 6 8 5.79 

WY 2 a ee Nee ie ee pone 98 DA erasers acto A | paxetpeneraie sore 

VCE BENG a eet rese Cat aeyae ee te eee Sec Rita sarcuaier it kee alt re wa Wvouianre echare AONE SE Spat eee 3.5 


NATURAL AGENCIES. 
' WINDS AND FLOODS. 


Floods and the motion of water along watercourses frequently serve 
to distribute many weevils along the edge of high-water mark. As 
river valleys are largely devoted to cotton culture, this would seem to 
be no small factor in the transportation of weevils. Heavy winds 
early in the season seem to be of comparatively slight importance, as 
weevils do not take flight readily when a strong wind is blowing, but 
light, warm breezes, such as prevail throughout the coast country of 
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Texas, undoubtedly tend to carry the weevils in a general northerly and. 

northeasterly direction. The severe equinoxial storms which fre-— 
quently occur in Texas during September, at the very time that weevils 
seem to be most active in flight, have undoubtedly had a strong effect 
in carrying the weevils in this same general direction. Thus, after the - 
severe storm which produced the disastrous flood at Galveston on 
September 8, 1900, it appears that the weevil had been spread north- 
ward over an area much larger than that covered by its usual annual 
migration. It seems altogether likely that the very warm, sultry 
period which almost invariably precedes these severe storms leads the 
weevils to take wing in large numbers, and the strong winds following 
these calms exert an influence in carrying the weevils which they 
have at no other season of the year. 


MIGRATION. 


Two principal periods of extensive voluntary movement on the part 
of the weevils may be found during the season. ‘The first is when the 
hibernated weevils leave their winter quarters and go in search of 
food. Having found food, the movement is mainly controlled by the 
limitation of the food supply. So long as an abundance of growing 
tips or of clean squares is at hand, weevils will not travel far, but 
when the condition of total infestation is reached the period of greatest 
dissemination is also attained. In an attempt to secure an isolated 
location free from weevils, a small area was planted in the midst of a 
rice farm at Victoria, Tex., at a distance of more than a mile from 
other cotton. Whether the weevils reached this field by flight or by 
some other means could not be definitely determined, but in some way 
the field became thoroughly infested during July. 

In any given field dissemination takes place mainly by the short 
flights and crawling of the weevils. The search of the female for 
uninfested squares is the principal factor in their spring and summer 
movement. This incident also appears to be one of the important 
factors in producing the annual migration which begins soon after the 
condition of maximum infestation has been attained. The exact time 
of beginning this movement seems to depend upon certain favorable 
climatic conditions accompanying .an overstocked condition of the . 
field. 

A number of special agents of the Bureau of Entomology were 
fully engaged in following the movement and studying the conditions 
accompanying the migration of 1904. A careful study of this move- 
ment has been made by Mr. W. D. Pierce, who, between August and 
December, gave his entire attention to the study of the migration of 
the weevils. From his preliminary report have been taken most of the 
conclusions embodied in the following paragraphs upon this topic. The 
observations of a single season furnish insufficient data to allow of 
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drawing reliable conclusions as tothe most potent influence that deter- 
mined the direction and distance of flight. At this time, therefore, 
only the most significant facts observed can be given. 

The border line of the generally infested area in Texas moved north- 
ward nearly 50 miles, reaching the limit of the area previously scatter- 
ingly infested. In a general way the migration of 1904 moved east- 
ward from about the boundary line between Texas and Louisiana, 
covering a narrow strip outside the eastern edge of the previously 
infested territory. The movement began first upon the southern point 
of this strip, extending from southern Louisiana northward, thus 
- Cameron, Calcasieu, and Vernon parishes became successively infested 
between August 1 and 15, and the movement continued from Vernon 
through Sabine, De Soto, and Caddo parishes between August 15 and 
80. During September a comparatively small, restless movement of 
the weevils was noted, which carried the extreme limit of infestatiom 
somewhat farther eastward. During an unusually warm period pre- 
vailing during the early part of October a second general migratory 
movement took place, which, in turn, was followed by a restless move- 
ment similar to that occurring in September. The area newly infested 
by the August migratory movement included about 5,500 square miles, 
much of the territory covered being scatteringly planted with cotton. 
The October movement covered 2,000 square miles more, and brought. 
the eastern edge of infestation into touch with the Red River Valley, 
and some of the richest cotton-growing area of Louisiana. The breadth: 
of this newly infested strip was somewhat irregular, and averaged 
about 50 miles, in some portions reaching between 60 and 70 miles. 
The onward movement was checked by a marked fall in temperature 
occurring about the middle of October, and it ceased altogether with 
the occurrence of frost. 

One of the most striking facts observed was that the weevils suc- 
ceeded in crossing bodies of water which, in some cases, were fully 
10 miles in breadth. Stretches of non-cotton-producing country were 
also passed which were fully 40 miles in breadth. During the entire 
period of migration it was noticeable that weevils in the fields took 
wing far more readily than they had done earlier in the season. In 
many cases, upon slight disturbance, weevils were seen to rise above 
the roofs of houses and the tops of tall trees and disappear from view. 
How high they ultimately rose in flight no one can say, for the eye 
could not follow them farther. 

There are available no detailed daily reports showing the directior 
and velocity of the wind during the few days within which most of 
this migratory movement occurred. If such reports could be had 
they might show for that period a general atmospheric movement con- 
siderably different from the general average prevailing for the month. 
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In relation tothe general direction of the wind for each month, the 
movement seemed to be eastward across the wind, which was blowing” 
from the south and southeast. CP aaa 
A study of the temperature conditions prevailing at 9 points, rang- 
ing between Cameron and Shreveport, La., shows that during the 
period of migratory movement the mean average temperature ranged 
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- Fic 5.—Map showing successive weevil moyements into Louisiana. (criginal). 
between 75 and 84° F. The general outlines of the various movements 
are shown and explained in figure 5. 

EFFECT OF DEFOLIATION UPON WEEVIL MOVEMENT. 


During the past autumn special attention was given to this subject. 
Fields under observation were stripped three or four times in numer- 
ous cases by the cotton leaf worm Alabama argillacea Hbn. In such 


131 


fields all growth of cotton ceased. As the condition of maximum infes- 
tation had been reached by that time, the complete removal of foliage 
early in August allowed light and air to reach the unopened bolls of the 
bottom crop and hastened their maturity. For this reason alone many 
planters consider the leaf worm a friend rather than anenemy. In con- 
sidering the effect which this defoliated condition must have upon the 
boll weevil, it must be remembered that wherever weevils are present 
in abundance there can be no possibility of a top crop. The work of 
the leaf worms does not, therefore, reduce by any considerable amount 
the yield which will be obtained. During severe attacks both foliage 
and squares are wholly destroyed. Thus the leaf worm not only cuts 

off directly and effectively the food supply of the weevils, but it also 
deprives them of shelter within a period of from 7 to 12 days. In 
many cases the multiplication of the weevils becomes practically 
stopped. Large numbers of the adults are forced either to move or to 
starve. Numerous observations have shown that multitudes of these 
adults die under these conditions in the field, and it is also certain that 
the condition of the cotton forces a general movement or migration of 
very large numbers of weevils when accompanied by favorable weather 
conditions. It is natural to suppose that this generally forced move- 
ment may result in a longer migration than would take place under 
more favorable food conditions. This of course would be unfortunate 
so far as the adjacent territory is concerned. It appears that exactly 
these conditions of defoliation, accompanied by favorable weather con- 
ditions, prevailed in east Texas during the autumn of 1904, and it is 
_ possible that they account in some degree for the long flights, which 
must have been taken by multitudes of weevils, covering in the course 
of this migratory movement a strip 30 to 70 miles in width. 

_ lf we turn our attention to subsequent conditions in the original. 
field, we will find that the defoliation is really there a blessing. By 
hastening the maturity of bolls already formed the season is shortened 
and the way cleared for early destruction of the stalks. By complete 
and repeated defoliations the leaf worm accomplishes for the planter 
a partial early destruction of the plants. Fall development of the 
weevils is checked. Unsheltered adults perish or leave the fields, and 
inevitably the number of weevils hibernating there becomes very 
ereatly reduced. Itis perhaps unfortunate that the leaf worm seldom 
works uniformly throughout a field. Especially around the edges of 
the field large numbers of plants escape its attack, and not infre- 
quently patches of considerable size in the midst of a field still remain 
green, while surrounding portions are completely defoliated. Upon 
the green areas the weevils gradually become concentrated, and there 
they not only exist, but may also reproduce somewhat until hiberna- 
tion time arrives. It should not be thought, therefore, that the leaf- 
worm has done all the work of the destruction for the planter, but by 
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following up closely the good work begun by them, the planter may 
destroy the stalks so much earlier and thus provide a very efficient 
assurance for the next year’s crop. 

Most planters 1 in the weevil-infested territory are now determined 
not to poison for the leafworm in the fall, since with both evils pres- 
ent, the weevil and the leafworm, the latter has become a friend rather | 
than an enemy. | 


NATURAL CONTROL. 


Doubtles many factors are concerned in the natural control of the - 
boll weevil. The most important ones are probably included among 
the following topics: 


MECHANICAL CONTROL. 
PILOSITY OF PLANT OBSTRUCTING WEEVIL MOVEMENT. 


In testing the susceptibility of various cottons to weeyil injury it 
it was found that the variety of Egyptian cotton grown (Mit Afifi) was 
more severely injured than was any other. The next in order were 
Sea Island and Cuban tree cotton, while the American cottons, repre- 
sented especially by King’s Improved, were less severely injured than 
were any of the others. It may be noted that the three varieties first 
mentioned seem more closely related to each other than any of them 
do to the American. The reason for the evident choice of these cot- 
tons was carefully sought for, but the only difference which seemed 
~ worthy of consideration was found in the varying degree of pilosity 
upon the stems (Pl. XIX, fig. 81). It was found that Egyptian stems 
were almost perfectly smooth, while Sea Island and Cuban resembled 
it closely in that respect. Many American cottons, and King’s 
Improved especially, are quite pilose, and it was often noted that upon 
these weevils showed some slight difficulty in moving about or in 
climbing the pilose stems of the plant. While this obstacle to weevil 
activity nay seem slight to account for the evident selection of the 
smoother varieties, no greater difference could be found. Asis shown 
by Table XIV, on page 64, the selection is not due to a difference in 
taste of the squares. 

In order to test the resistance which varying degrees of pilosity 
might offer to weevil progress, a number of experiments were made 
with various stems or fruits. In climbing upon the stems of Kinz 
plants weevils would catch the spines with the forefeet while pushing 
themselves upward by means of the tibial spurs of the hind legs placed 
against the epidermis and between the spines. It was evident that 
their progress was considerably hindered, and several attempts were 
often made before a firm foothold was ear ods 

Okra pods were next tried, as upon them the spines are very short 
and stiff. Weevils climbed these pods with little difficulty. 

The seed pods of Sunset Hibiscus were also tested. The spines 


Bul. 51, Bu-eau of Entomology, U. S. Dept. of Agriculture. PLATE XX. 


ENEMIES OF THE WEEVIL. 


Fig. 83, Interior of square, showing dried gelatin formation among anthers, natural size: fig. 84, 
small larva of Bracon mellitor destroying large weevil larva inside square, natural size; fig. 85, 
Pediculoides ventricosus breeding upon nest of wasp larve, enlarged two diameters (original). 
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upon these are from 2 to 8 millimeters long; they stand thickly and 
are quite stiff. Over these spines weevils walked easily, but though 
they attempted vigorously to get their heads down between the spines 
far enough to feed, they were unable to do so... A number of weevils 
were kept for several days upon these pods, but they were unable to 
feed. The spines were then removed from‘a small area, and the 
insects began to feed immediately. 

Weevils travel with difficulty over loose cotton fibers, as their feet 
become entangled among them. 


PROLIFERATION AND ITS EFFECT IN BOLLS AND SQUARES. 


In making careful examinations of thousands of squares and bolls 
attacked by weevils, it has been found that an abnormal condition of 
the interior usually follows closely upon the weevil attack. This con- 
dition is not, however, characteristic of weevil work, but appears to 
be a physiological reaction to injury such as feeding punctures made 
by weevils, bollworms, or other insects, in cases where the injury 
done is not sufficiently great to cause the immediate and total destruc- 
tion of the square or boll attacked. The abnormal condition referred 
to is characterized by a change in texture and structure of the tissues 
which is very marked. The change appears to begin usually near the 
outer ends of the tissues which have been wounded by the attack, and 
is caused by a proliferation of tissue cells. It may be likened toa 
partial swelling of starch granules. The tissues lose their firmness, 
form, and normal texture, breaking up into a mass of soft pulpy 
granules or cells. This condition often spreads beyond the immediate 
point of origin (Pl. XIX, fig. 82). Not infrequently decay ensues, 
and the entire mass shrinks in volume and turns dark brown in color 
(Pl. XX, fig. 83). For the present purpose, and until a minute study 
can be made of this phenomenon, it will answer our purpose to describe 
this change as a process of gelatinization, and to cali the pulpy trans- 
formed tissue gelatin, because of its general superficial resemblance 
thereto. 

The nature of the change appears to be the same in both squares 
and bolls. By the increase of the pulpy mass considerable pressure 
is produced, so that frequently the squares are badly distorted in form, 
and bolls have been seen in which the pressure was so great as to force 
out a column of the gelatin through an open feeding puncture of a 
small bollworm. 

GELATIN FORMATION IN BOLLS. 

This formation occurs commonly in small bolls, and more rarely 
after the bolls become more than two-thirds grown or nearly matured. 
Examination of a series of about 800 bolls shows that in between 95 
and 98 per cent of all locks attacked by the weevil gelatin formation 
results, regardless of the variety of cotton or the nature of fertilizers 
Which may be applied. Rainy weather and wet ground seem to favor 
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the formation... The percentage of weevil larve found in these bolls 
was exceedingly small, averaging only about 5 per cent. The number 
was so small that no definite conclusions could be drawn as to the 
effect of the gelatin formation upon the development of larve, unless 
it be that the small percentage of larve found in itself shows that the 
formation was decidedly effective in destroying either eggs or very 
young larve, thus reducing greatly the number of weevils produced. 
Where ee were found it appeared that the percentage of mortality 
was somewhat greater in bolls from early maturing cotton than in the 
bolls from late varieties of cotton. 

An examination of nearly 1,000 bolls, partly of King and oe of 
late cotton, in the autumn oF 1903 showed a very decided difference 
in the percentage of dead larve found in the two varieties tested. In 
the native cotton the percentage of dead larvee amounted to about 20, 
while in King over 41 per cent were dead. In this examination large 
numbers of larve were found. The results of the examinations in 
these two seasons are strikingly different, and as yet no explanation 
of the difference can be given. 


GELATIN FORMATION IN SQUARES. 


Experiments thus far made have failed to show that either the per- 
centage of gelatin formation or the injurious effect of this formation 
upon weevil development can be changed by the application of vari- 
ous fertilizers or by any special treatment given the plant. Nitrate 
of soda and acid phosphate, alone and in combination, were the fertil- 
izers used in the several tests made. ; 

Comparative examinations indicated that a somewhat larger propor- 
tion of the squares attacked form gelatin in the case of early maturing 
varieties than with late native varieties of cotton; as in the bolls in 
the autumn of 1904 a large percentage of squares having a gelatinous 
formation failed to show any trace of weevil development, though 
external indications showed that the squares had received egg pune- 
tures. Gelatin formation has often been found to begin before the 
hatching of the egg, and apparently large numbers of young larve die 
when they hatch into this gelatinous environment. 

This physiological reaction becomes, therefore, an important factor 
in the resistance of the plant to weevil attack, and from present indi- 
cations it appears that if a truly resistant variety of cotton is ever 
produced its development will be based upon this factor. 


CLIMATIC CONTROL. 


Three principal factors affect the development, spread, and destruc- 
tiveness of the boll weevil—temperature, precipitation, and food sup- 
ply. So perfeetly has the weevil become adapted to its single food 
plant that it is a very noticeable fact that the climatic conditions which 
are most favorable to the growth of the plant are most favorable also. 
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for the normal activities and development of the weevil. Affecting 
one in the same direction as the other, the pest is, therefore, enabled 
to very closely keep pace with its food supply under all kinds of 
natural conditions. | 

The most favorable conditions for the weevil are a high temperature 
and abundant moisture throughout along season. These conditions 
favor the growth of the plaxit and produce a very large nwmber of 
squares, which supply abundant opportunity for the rapid multiplica- 
tion of the weevils. Severe drought checks together the growth of 
the plant and the development of the weevils. It has not yet been 
determined whether the death of larve in fallen squares exposed 
directly to the rays of the sun is due principally to the heat produced 
or to the complete drying of the food supply. It is certain, however, 
that one or both of these factors produce a considerable mortality 
among the larve and pupex so exposed during long-continued hot and 
dry weather occurring before the plants have become large enough to 
shade most of the ground. After that the shade produced prevents 
most of the good work of the sun in destroying weevils. 


TEMPERATURE ENDURED BY WEEVIL LARVZ IN SQUARES EXPOSED TO 
SUNSHINE. 


During the middle of August, 1904, at which time it was expected 
that the maximum temperature for the summer would be obtained, 
over 500 squares were spread upon bare ground where fully exposed 
to direct sunshine. During part of these tests the thermometric read- 
ings were furnished by a maximum thermometer so wrapped with 
leaves as to give the mercury about the same protection from the 
sun as was had by larve in squares. In another part of the test a 
thermograph was properly adjusted and so placed as to record the 
temperature prevailing at the surface of the ground. — results of 
these tests appear in the following table: 


TasLeE XXX VII.— Temperature endured by young stages in squares. 


Percentage Percentage 
wen Number | Percentage} Percentage| of squares | of squares - 
of Maximum of of total of total showing | showing 


pees degree weevils squares Squares | weevil de- | weeyil de- 

au of heat. devel- {developing} showing | velopment |yelopment 
oped. weevils. | mortality. | becoming found 
adult. dead, 

7 28 0 100 0 

10 40 8 83 17 

ii 44 0 100 0 

5 20 0 100 0 

5 20 0 100 0 

20 20 3 87 13 

43 43 1 98 2 

61 61 6 91 9 

59 59 2 97 3 

0 So eee le ODM OS Re oe eat ie ee a Ce 

eee eee” te AO dcatcewews 43 3 94 6 


156 P 


A comparison of the temperatures obtained at the surface of the 
ground with those recorded in a shelter such as is used by the Weather 
Bureau in obtaining all standard temperatures shows that at the surface 
of the ground in the sun the temperature ranges between 20° and 30° 
higher than the temperature recorded in the shade. The maximum 
Weather Bureau temperature obtained for the period of the test was. 
94° and 94.5°, while the ground temperature reached the maximum of 
119° or 120°. The examinations made at these temperatures showed 
that they had produced practically no fatal effect upon the weevil larve 
and pupe, since it is reasonable to assume that a small percentage may 
be expected to die even under the most normal conditions. : 

At Victoria it not infrequently happens that the temperature in the 
shade goes above 100°, though this temperature has not been reached 
during the past two seasons. It seems very probable that when the 
temperature in the shade reaches or goes above 100° F. the tempera- 
ture at the surface of dry ground, especially if the soil be light and 
sandy, will be found to exceed 130°, and at that temperature a ee 
erable mortality among weevil ae in squares exposed to the sun 
might reasonably be expected. It is probable that drought and dew 
conditions will be found to be important factors in determining the 
mortality in the sun. 

In July, 1901, at San Carlos, Coahuila, Mexico, Mr. A. F. Rangel, 
in the course of observations and experiments which he made for Prof. 
-A. L. Herrera, recorded a mortality amounting to 75 per cent among 
the larvee in squares fully exposed to sunshine during a severe drought, 
while the temperature ranged from 104° to Le 7 F. at the surface of 
the ground and in the sunshine. 


TEMPERATURE ENDURED BY WEEVIL STAGES IN WINTER. 


it is still an open question as to how low winter temperatures the 
weevil can withstand. It is certain that in southern Texas many larvee 
and pupee slowly continue their development during the winter season. 
Mr. 8. G. Borden, of Sharpsburg, Tex., in a letter written January 
27, 1896, says: 

Hands clearing up cotton stalks report plenty of the larvee in dry bolls. 


Mr. Schwarz found weevils hibernating in all stages, except the 
egg, at Victoria, Tex., during February, 1902. At the same locality 
in January and February of 1904, the weevils in larval, pupal, and 
adult stages were taken alive from dry bolls by Mr. J. D. Mitchell, a 
resident and cotton planter of that place. 

After the weevils first made their appearance at San Antonio in the 
fall of 1895 they were supposed to have been entirely destroyed by 
frosts during the following winter. The lowest temperature recorded 
at San Antonio for that winter was 26° F. on December 30, 1895. 
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On January 2, 1896, Professor Townsend made an examination of the 
condition of the weevil, and, so far as he found, all larve in bolls were 
then dead, while pupee and adults were all alive. In spite of the mild- 
ness of the remainder of the winter the weevils did no damage to the 
crop of 1896, and were not found in fields in which they were present 

the year before. In writing of this unexpected condition, on October 

19, 1896, Professor Townsend says: 

The timely drought of last of May and first of June is what killed the weevils this 
year. 

There is therefore some doubt as to whether frosts or drought were 
responsible for the destruction of the weevils at San Antonio in 1896. 

At Victoria, on February 17, 1903, the lowest temperature recorded 
by the Weather Bureau report was 20° F., but many weevils hiber- 
nated successfully. Doubtless much lower temperatures than this 
were experienced in more northern localities in the weevil belt, but 
in no place have the weevils been exterminated thereby. 

A more extensive study of the effects of winter temperatures in 
various localities in Texas and Louisiana is being made at the present 
writing. 

EFFECT OF RAINS UPON DEVELOPMENT OF WEEVILS. 


It is often said by cotton growers that ‘‘rain brings the weevils.” 
The principal reasons for this idea are that rains, in squaring time 
especially, produce conditions greatly favoring the immediate develop- 
ment and subsequent injury of weevils, while at the same time they 
make more apparent the amount of injury already done. An abun- 
dance of rain following a long dry period naturally causes great num- 
bers of squares to fall from purely physiological causes, while at the 
same time it knocks to the ground such previously infested squares as 
have become weakened in their connection with the plant and which 
would fall naturally within a few days. The large number of squares 
to be found on the ground immediately after a storm would seem to 
~ account for the prevalence of the opinion mentioned. A large degree 
of moisture in fallen squares seems to favor directly the growth of 
larvee within, thus producing quickly a large numberof weevils ready 
to do further injury. ; : 

While it is a mistaken idea that rains first bring the weevils, it is 
true that they favor weevil increase in several ways. Frequent rains 
increase the growth of the plant and lead to the production of a larger 
number of squares which may become infested. Driving rains knock 
off infested squares, and by softening and moistening the food hasten 
the development of the larve within. Squares which are already 
upon the ground are protected during rainy weather from sunshine 
and drying. Rain hinders the enemies of the weevil far more than it 
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does the development of the weevils themselves. In several sucn 
ways rains contribute directly or indirectly to the more rapid multi- 


plication of weevils and cause the common impression among cotton 
planters alluded to. 


EFFECT OF WET WINTER WEATHER ON HIBERNATING WEEVILS. 


Owing to the writer’s absence from Victoria during the winter 
months, observations could not be made directly or immediately upon 
this point. It was found, however, that all weevils in hibernation 


tests which passed the winter successfully had been kept dry. The 


winter of 1902-3 was unusually wet at Victoria, and the number of 
hibernated weevils which were to be found on early cotton plants was 


noticeably less than during previous seasons which had been dry. It © 


seems probable, therefore, that as many weevils perished from fre- 
quent wetting as from exposure to the cold. The winter of 1903-4 
was generally dry and the number of weevils hibernating successfully 
was larger than in the previous year. 


EFFECT OF OVERFLOWS IN FIELDS. 


Unusually favorable conditions for these observations were obtained 
at Victoria in the season of 1908. During the latter part of February 
an overflow of the Guadalupe River covered many of the cotton fields 
along its course. The fields in which especial study was made were 
wholly submerged from one to several days. Cotton was planted in 
some of these fields between March 15 and 17. Owing to cold 
weather the growth of the plants was delayed and squaring did not 
begin until between May 10 and 17. Immediately after this date it 
was found that weevils were present and at work, and fallen squares 
were first found about May 23. From a study of this field it became 
apparent that the overflow had caused a considerably less decrease 
than had been anticipated in the number of hibernating weevils. 
Possibly the fact that the winter of 1902-3 had been exceptionally 
rainy may account for the lack of contrast in weevil abundance in 
overflowed fields and those which did not suffer in this way since, as 
has already been noted, hibernated weevils were unusually — in 
the vicinity of ae. even on uplands. 

Another period of aes water occurred during the last of June and 
the first of July and gave a convenient opportunity to note its effect 
upon active weevils. Many fields were partially and some wholly 
submerged. This condition lasted for several days. Examination 
made after the recession of the water showed that many fallen squares 
which had certainly been in the water for some time contained unin- 
jured larye and pupe. Naturally eggs and larve found in squares 
upon the plants, even though under water for some time, escaped 
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unharmed. Weevils were working normally upon the plants. No 
diminution in their numbers could be seen and it was apparent that 
the overflow caused no check either to the development of the imma- 
ture stages or to the activity of the adults. These observations 
emphasize the fact that the weevil can not be drowned out. 


LABORATORY OBSERVATIONS UPON TIME WEEVILS WILL FLOAT OR 
ENDURE SUBMERGENCE. 


These tests were divided into two parts, each of which includes 
both the immature and mature stages. — In each part floating and sub- 
. mergence were tested. | 

Sixty squares believed from external examination to be infested 
were floated in a driving rain for six hours. They were then removed 
and left for several days, during which time 75 per cent of them pro- 
duced normal adults. Ten squares which were fioated in driving rain 
fer six hours were opened at once, and in every case found to be but. 
slightly wet upon the inside. These contained 6 larve and 4 pupa, 
and all were in perfect condition. | 

As squares float normally, submergence tests were considered 
extreme. Five squares were submerged for six hours, and after that 
produced 3 normal adults; 1 pupa died, and 1 square was found to 
have been uninfested. Five more squares were submerged for thirty- 
one hours. These produced 2 normal adults, and 1 pupa died in the 
process of molting after removal from the square. Death was prob- 
ably caused in the last case by drying; 1 square was found to contain. 
a dead pupa, and 1 was not infested. To test the possibility of its 
living, should the square be penetrated by water, a naked pupa was 
submerged for six hours, but in spite of this unusual treatment it pro- 
duced a normal adult. Numerous larve removed from squares and 
placed in water pupated in one or two days, and several pups remained 
alive though floating for several days in water before they transformed 
into adults. ~ 
- In the tests made upon the floating power of adults, weevils were 
isolated and placed in water in tumblers. They were dropped from a 
considerable distance above the surface, so that they became entirely 
submerged, and they rose to the surface naturally. The surface 
tension of the water was found to be sufficient to float weevils which 
were placed upon it carefully. The generally hairy condition of the 
surface of the weevil’s body prevents its being readily wetted, so that 
it may struggle for some time in the water without becoming really 
wet. When dropped, as described above, weevils float head downward, 
with the tip of the abdomen above the surface. In the submergence 
tests weevils were held down by a wire screen, and all bubbles were 
removed from their bodies by a pipette, thus making the tests as 
severe as possible. 
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Table XXX VIII.—LHfects of floating and submergence on all stages. 


Time | Nor 


: Dead mal 
Conditions of test. ae at end before adults Remarks. 
est. exami- 
of test. aon after 
a SESt, 
Hours. Days. 

Sixty squares floated in rain. Gil ae 4to8 45 | 5 squares contained dead larve; 3 
pupe destroyed by ants, and 7 unin- 
fested. 

Ten squares floated in rain.. 6s None |sNones |pace asec Squares but slightly wet inside; 6 
cae and 5 pupe all alive and nor- 
mal. 

Five squares submerged.... Ghlaseere oe 7to8 3 | 1 pupa dead; 1 square uninfested. 
JOXON SSeS ss ere sae Braga 31 {1 pupa. | None. 2/1 pupa and 2 larve alive after test; 
squares not wet much inside. 

One naked pupasubmerged. 6 ONIN s sees il 

Ten adults floated........... 25 05 |Rese ane 6 

LD YG) Aes SUE RE RS i Ber ba Oba 112 Mee Sele ete 2 | 6 recovered so as to feed, but 4 died in 
from 2 to 7 days; 1 lived 36 days and 
laid 68 eggs. 

Five adults submerged..... 3 On See eee s 3 

DD) Oe tee et i Se: 15 Daa ies eee es ee 3 | 2 males died soon; females laid 43 eggs 
in 15 weevil days. 

Ten adults submerged ...... 25 One seers 0 | 1 lived through test, but never fed. 

Fourteen adults submerged . 48 ae ee a3 0 


In the case of squares floating normally it is evident that they might 
remain in water for several days without injury to the weevil within. 
Very slight wetting of the cell takes place even under the extreme con- 
ditions of submergence. The effect of a brief flood would not, there- 
fore, be at all injurious. As adults float as readily as do squares, they 
may also be carried long distances, and, furthermore, they are able to 
crawl out of the water onto any bushes, weeds, or rubbish which they 
touch. Even when floating for several days continuously they are 
able to live and may be carried directly to new fields. The floating of 


adults and infested squares explains the appearance of weevils in great 


numbers along high-water line immediately after a flood, and indicates 
that probably the most rapid advance the pest will make in the United 
States will be into the fertile cotton lands of the Red River Valley in 
Louisiana. 


PROBABILITIES AS TO THE INFLUENCE OF CLIMATE UPON THE WEEVIL 
IN COTTON REGIONS NOT NOW INFESTED. 


~ The influence which the lower temperature prevailing over the 
northern edge of the cotton belt, and other varied conditions prevailing 
in special sectiors, may exert upon weevil development, destructive- 
ness and spread is as yet largely problematical. A comparison of the 
data obtained at Victoria in 1902 to 1904, with that obtained at points 
in northern Texas and western Louisiana in 1904, throws light upon 
some of these points. It has been demonstrated that under the influence 
of the lower temperature prevailing at points like Terrell, Tex., there is 
produced at least one less generation of the weevil than at Victoria. In 
its migratory movement in the fall of 1904, the weevil covered a strip 
of new territory about 60 miles in width. The weevil is now about 


 . 
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to encounter a number of new conditions, and such questions as the 
rate of development and the degree of destructiveness which it may 
show under these conditions are of much interest, as there is now 
apparent no factor which promises to permanently check the onward 
movement of the pest before it will have reached the limits of cotton 
cultivation in the United States. 

During the past century the attention of many botanists and zool- 
ogists has been drawn to the relations existing between geographic 
areas and the distribution of plants and animals. In this country 
the limits of the well-defined zones and the laws governing the distri- 
_ bution of plant and animal life through those zones have been most 
carefully determined by Dr. C. Hart-Merriam, Chief of the Division of 
Biological Survey of the United States Department of Agriculture.¢ 
A few years before the publication of Doctor Merriam’s completed 
results Dr. L. O. Howard, Chief of the Bureau of Entomology, first 
applied the principles underlying geographic distribution to a study 
of the probable spread of a number of species of very injurious 
insects, most of which had been imported into this country,’ and 
recently he has made a more extensive study of a very practical nature 
concerning the geographic distribution of the yellow-fever mosquito.’ 
Many observations have shown that in general the limits of the spread 
of an imported insect pest may thus be approximately determined. 
It is therefore not out of place to consider at this time some points 
in regard to the probable status of the boll weevil in the cotton belt 
outside of Texas. 

According to the map published by Doctor Merriam, the entire 
cotton-growing area of the United States lies within the Lower Austral 
Zone, the northern limit of which is marked by the isothermal line 
showing a sum of normal positive temperatures (above 32° F.) amount- 
ing to 18,000° F. The weevil has already become established near 
Sherman, Tex. As nearly as can be told from data at present avail- 
able, the isothermal line passing through Sherman, if extended east- 
ward, would pass along the Red River Valley, through the extreme 
southern part of Arkansas, across central Mississippi and Alabama, a 
little south of Atlanta, Ga., and thence curve northeastward through 
South and North Carolina. It therefore becomes evident that ‘‘tem- 
perature” will not prevent the spread of the weevil eastward. Even 
if it should not go beyond the isothermal line within which it now 


. @ Bulletin 10, U.S. Dept. Agr., Division of Biological Survey, Life Zones and Crop 
Zones of the United States. 

6 Proc. Entom. Soc. Washington, Vol. III, No. 4, pp. 219-226. ‘‘Notes on the 
Geographic Distribution in the United States of Certain Insects Injurious to Culti- 
vated Crops.”’ 

¢ Treasury Department—Public Health Reports, Vol. X VIII, No. 46. ‘‘Concern- 

ing the Geographic Distribution of the Yellow Fever Mosquito.”’ 
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thrives, its territory would still include most of the great cotton belt 


of the United States. Furthermore, there is no evidence to show that 


the weevil has yet reached its most northern limit, and the probability 
remains that it may yet show itself capable of existing anywhere 
within the Lower Austral Zone where cotton can be grown. 

A comparison of the positive temperatures of various localities in 
the northeastern part of the cotton belt with that of Victoria, Tex., 
during the six months from June 1 to November 30, 1902, naturally 
reveals a considerable range of difference, as does also a comparison 
of the average temperatures prevailing in those localities during the 
same period for the preceding eleven years. Wherever it is con- 
sidered in its effect upon the development of the weevil the tempera- 
ture given is expressed in degrees of effective temperature—that is, 
the actual temperature above 43° F. The mean average effective 
temperature for any month multipled by the number of days meluded 
has been considered as giving the total effective temperature for that 
period. While this method does not give exactly the correct figures, 
it will furnish data for a comparison of the various localities, and this 
study of temperatures will undoubtedly reveal facts which will exert 
considerable influence upon the status of the weevil in other localities 
into which it is hable to spread. 

The total effective temperature for Victoria, Tex., from June 1 to 
November 30, 1902, was 6,607° F. For the same period at Dallas, Tex., 
it was 5,626° F., and at Atlanta, Ga., it was 5,052° F. 

The average mean total effective temperatures for the sections of 
Texas, Louisiana, and Georgia, as given by the Weather Bureau for a 
series of eleven years, are as follows: Texas, 5,716° F.; Louisiana, 
5,578° F.; Georgia, 5,234° F. 

The effect of this decrease in temperature will doubtless be in some 
measure counteracted by a certain degree of adaptation thereto on 
the part of the weevil, but it still seems probable that in the tempera- 
ture of Georgia a considerable reduction in the number of generations 
will be found. The emergence from winter quarters will probably be 


considerably later than the middle of April. The development of 


progeny will not be as rapid as has been described for Victoria, Tex., 
in preceding pages. Furthermore, it seems Hkely that during the 
warmest periods the life cyele will require from 22 to 24 days. The 
consequent limited number of generations in a season will be still 
further curtailed by the earlier period of hibernation, which it seems 
will begin as early as the latter part of October or the first of Novem- 
ber, instead of during December, as was the case during the past three 


years at Victoria. The date of the killing frosts will, in a general 


way, fix the end of the active season for the weevil, and this will 
therefore vary considerably from year to year. 
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TABLE XX XIX.—Temperaiure comparisons of various cotion sections. 


Monthly average normal mean for 11 years, 1892-1902. 


Vietoria, 
Tex., av- 
Month. eee. | a lips, 


Louisi- 
ana sec- 


Texas 
section. 


Shreve- 
port, La. 


Georgia 
section. 


oF. oF oF. oF oF. 

80. 79, 78.0 80. 6 78.2 

83. 82. 80.3 88.9 80.1 

82. 82. 79.2 82.8 79.0 

co eee aed aaa 80.0 77, 77. 70.2 17.3 74.7 
2) Set 72.2 68. 67. 62.6 67.9 64.5 
JSUEC IE TSC ee ae ae 64.5 56. 56. 57.8 a7.8 58.9 
Average for 6 months.... 77.2 7 74. 71.2 | 74.6 | 4.6 | 72.2 


From these considerations of temperature difference, and judging 
the varying influence as ascertained at Victoria, it seems that the 
weevil may prove less and less destructive as it spreads to the cooler 
portions of the cotton belt, though this supposition is likely to be 
modified by the ability to adapt itself to new conditions. 

While it must be admitted that nothing, so far as now known, seems 
certain to prevent the spread of the weevil to any latitude where cotton 
is now grown, it does seem probable that its control may be more easily 
accomplished in the more northern portions of the cotton belt than in 
the Texas area now infested, and since it has been most positively 
demonstrated that better than the average crop may here be grown 
in spite of the depredations of the weevil, there would seem to be no 
special reason for a panic over the future of the cotton crop. (PI. 
XXIII, fig. 93.) Cotton has been and still will be grown in spite of 
the weevil. The present promise is that those planters who enter the 
struggle with determination, and who adopt the advanced methods 
which have proven successful wherever tried, will realize practically 
as large a profit from cotton raising in the future as it has been 
possible to obtain in the past. 


DISEASES. 


Especially in moist breeding jars, weevils often die from what 
appears to be a bacterial disease. The body contents liquefy, turning 
to a dark brown in color, and have a putrid odor. Death follows 
quickly, though not until after putrefaction has begun. The fre- 
quency with which several weevils died in the same jar at about the 
same time indicates that this disease may be contagious. It has not 
been found in the fields, however, and may have been due entirely to 
abnormal laboratory conditions. 

It is doubtful whether the following observations upon fungus 
attacks upon weevils should properly be classed with diseases, but as 
there is a possibility that the attack may have been of this nature, the 
observations may be given here. 
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In July, 1902, a lot of squares sent by mail from Calvert, Tex., to 
Victoria was so long delayed upon the road that they were very 
moldy when received. Thirteen apparently healthy pupeze were 
removed from these moldy squares with the intention of rearing the 
adults. The pupe were kept moist, and in a short time 5 died, 
apparently from the attacks of an unknown species of fungus. The 
remainder were then kept dry, but in spite of this precaution 6 more 
died, only 2 becoming adult. In another lot of 27 pupe, 5 died 
apparently from attacks of the same fungus. 

Specimens of the dead pupse were sent to the Pathologist of the 
Bureau of Plant Industry of the Department for determination of the 
fungus. It was pronounced to be a probably new species of Asper- 
gillus. As no species of this genus is known to be parasitic, it may 
be that the pupe died from some other cause and that the fungus was 
entirely saprophytic. The external appearance of the fungus so soon 
after the death of the pupe, the large mortality prevailing, and the 
known fact that pupe developed uninjured in the presence of many 
species of molds lead to the suspicion that it may have had some 
part in causing the death of the insects. 

In 1894 Prof. C. H. T. Townsend, while engaged in the study of 
the boll weevil, found in a field at San Juan Allende, Mexico, a speci- 
men of a dead pupa which had been attacked by a species of parasitic 
fungus (Cordyceps sp.). As no other cases of attack by this fungus 
-have been reported, its oecurrence is probably very rare. 


PARASITES. 
BREEDING OF PARASITES. 


Owing to the importance attached to parasites in the control of 
many pests, considerable time has been devoted to the rearing of para- 
sitic enemies of the boll weevil. From the very nature of the habits 
of the weevil, no perfectly satisfactory method of breeding these para- 
sites could be devised. The apparatus used was exceedingly simple. 
Squares which were thought to be infested were picked or gathered 
in the field, and cleared, so far as was possible, of all that might pro- 
duce parasites not developed from the weevils. Small lots of these 
squares were placed in paper bags, each fitting tightly over the open 
mouth of a glass jar. As both parasites and weevils upon emergence 
naturally make their way to the light, they could easily be seen in the 
glass jars and at once removed. Even when thus bred something 
must be known of the habits of each species of insect produced or of 
its close allies to determine whether it is really a parasite upon a 
weevil larva, a hyperparasite, or merely a vegetable feeder devel- 
oped in the decaying square. Many small flies breed in such decaying 
matter and many were caught in the jars, but these must all be acquit- 
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ted of being parasites upon the weevil. The results are therefore 
made somewhat uncertain because of the impossibility of isolating 
the weevil larve. A condensed summary of the results in breeding 
parasites through two seasons’ work is presented in Table XL. 


TaBLE XL.—Breeding of parasites. 


| Parasites. 
Locality. Collector. Date. Squares. Naan Brocon onies 
mellitor. ee 
Squares picked from plants 
and from ground. 
1902. 

Walwect Mex 65 io. cc cie casi Gy 18ls lemhoue ene 52 July, August... 2, 566 277 3 t 
Wietortsy, “Dex S fo 5.5.5. 525% W. #E. yes waeielie ase dow sress: 645 210 if I 
WieD: TOU RELS Cel oe = 
Guadalupe ys Tex <2...5222: {Wy E. Hinds Ber eee pee SRE 387 108 il oO 

1908. 

WHSGOTIARMEOXie sc. ss Seces st Wee Hinds 2.28: JUNC Eee eecee 881 278 10 0 
* 1D) 3 SSS Sone Cee Gee eee GO eee a 8s Dably ase 264, 111 3 1 
ODD 06 J beac eeaAae ee Eee GO acaces ce =e AMIE USE teeeoe 463 251 o 07 

Injested squares dried on the 

plants. 
WC ROTE CIS N20: ae a are Woe Hinds 2222 - July, August... 342 120 45 5 
INOUGI Se Soa ae BESSA COE AA. Acai es ee eRe 5, 048 1, 355 63 8. 


From these observations it appears that 24.4 per cent of the 5,548 
squares used produced adult weevils, while only 1.3 per cent of the 
total squares contained parasites. Among the parasites obtained, 90 
per cent were of the single species, Bracon mellitor Say (fig. 6; 
Pl. XX, fig. 84). A single a eae 


SS 


specimen of another un- ; \ fo 
doubtedly primary para- 
site, Sigalphus curculionis 
Fitch, was reared. A few 
specimens of Catolaccus in- 
certus Ashm. may possibly 
have come from the weevil 
larvee, but were more likely 
hyperparasites. According 
to the authority of Dr. Wil- 
liam H. Ashmead, of the 
United States National Mu- 
seum, to whom the writer 
is indebted for the specific 
determinations and also for Fic. 6.—Bracon mellitor, parasite of boll weevil—much 
information about the usual Sattae tk } 
habits of these parasitic insects, the following species, which were bred 
from squares, must probably be credited to some other host than boll 
weevil: Chalers coloradensis Cress. and Goniozus platynote Ashm. were 
probably upon lepidopterous larve; Hurytoma sp. and Hupelmus spp- 
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usually attack dipterous larve im galls, and a number of specimens 
of a species of Odencyrtus may have been parasitic upon the eggs of 
some lepidopteron or hemipteron, but certainly could not have reached 
the eggs of the weevil. 

It is very noticeable that the dried squares wihict were » eee from 
the plants produced by far the largest part of all the parasites obtained, 
342 squares giving 50 parasites. In this lot, therefore, 14 per cent of 
the total number contained parasites of some kind and 13 per cent 
were undoubtedly developed from the weevil larve. Taking all other 
squares together, 5,286 yielded only 18 primary parasites, or only 0.3 
per cent. 

Previous efforts to breed parasites of the weevil yielded as meager 
results as those which have just been recorded, though they add to the 
number of species. In 1894 Prof. C. H. T. Townsend bred, at Corpus 
Christi, Tex., asingle specimen of Urosigalphus robustus Ashm., which: 
was in all probability a primary parasite, as was also Sracon dorsata 
Say, of which Mr. Schwarz obtained two specimens at Goliad, Tex., 
in the fall of 1895. A specimen of Hurytoma tylodermatis Ashm., also 
reared by Mr. Townsend, may possibly have had some other host. 

Prof. A. L. Herrera has bred from weevils in the State of 
Coahuila, Mexico, a new species of varasite, described by Dr. W. H. 

Oa: Ashmead as Bruchophagus 
herrerde. 

Pediculoides —_ ventricosus 
Newp.—-This small mite has 
been thought by some scien- 
tists to be the most promising 
parasite yet found attacking 
the weevil. It has been ex- 
perimented with quite exten- 
sively by Prof. A. L. Herrera 
and his assistants of the Mexi- 
can Commission of Parasitol- 
ogy. The mites breed with 
extreme rapidity, the larvee 
of wasps being their usual 
hosts (PI. XX, fig. 85). Both 
sexes attain full physical and 
S sexual maturity while yet 
Fic. 7.—Enemy of cotton boll weevil, Pediculoides ven- within the body of the moth- 

tricosus—much enlarged (adapted from Brucker). er. The males are exceed- 
ingly tiny, as are also the females, when they first leave the mother 
mite. As the females become gravid, however, their abdomens swell 
to an astonishing size as compared with the rest of the body, being 
distended by the rapid growth of the young mites (fig. 7). When 
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these are born the mother dies, while the offsprmg mate and then 
immediately begin the search for food. The idea of the Mexican 
investigators was that these tiny parasites would be able to enter the 
square through microscopic orifices in the outer layers, and that they — 
would attack and destroy the weevil larve and pupe within. Upon 
his return from a trip to Mexico in the fall of 1902, the senior author 
brought with him, through the kindness of Professor Herrera, a 
supply of the parasites, from which others were reared for experi- 
mental work in Texas. 

In the course of these experiments the possibility of the mites 
attacking larve, pupe, or immature adults was tested. The obser- 
vations made failed to show any positive ability on the part of the 
Pediculoides to penetrate the squares, as in only two eases were mites 
found in them and attacking the larve. In these two cases it seems 
entirely possible that the mites may have entered through feeding 
punctures or some other rupture in the floral envelopes. 

Upon several cceasions during the season of 1903 mites were dis- 
tributed in badly infested cotton fields. Later examinations were 
carefully made, but they failed to show that the parasites had gained 
a hold or even that they had attaeked the weevils in any stage. 

These mites, if, indeed, they are of the same species as those de- 
scribed by Newport, are widely distributed and attack, to some extent, 
quite a large number of insects. Hf they really possessed the ability 
to get at the weevil larve and the predisposition to attack them when 
they could get to them in preference to other hosts, they should cer- 
tainly have shown something of these capabilities somewhere within 
the infested area in Texas during the ten years that the weevil has 
been found there. As no such ability has yet been shown, we doubt 
that the Pediculoides will ever prove of any value as a parasite of the 
weevil in the United States, though it may be more efficient in more 
southern countries. Furthermore, it is said that even where the mites 
do become established they are so subject to the attacks of small ants 
that their efficiency becomes largely destroyed. 

Several attempts have been made by agents of this Bureau to breed 
parasites of the weevil in localities which must be much nearer its 
original home than is Texas, but thus far these attempts have proven 
as fruitless as have those made in Texas. It seems desirable that this 
work should be continued so as to give a more complete knowledge of 
all the parasites of the weevil in its native home. 

These. results show how insignificant is the part which insect para- 
sites play in the problem of controlling the boll weevil in Texas. 
The thorough protection of all immature stages of the weevil by sey- 
eral layers of vegetable matter and the protection of the adult by its 
hard, closely fitting, chitinous, external plates render very small the 
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hope that any parasite will ever become an efficient factor in controlling 
this dangerous pest. 

There is at present, therefore, no promise of any consiiaeaale 
assistance in the control of the weevil by any parasite now known. 
Because of its peculiar life history the weevil is unusually exempt 
from the attacks of parasites. Even should one be found which 
could attack the weevil in some stage, it would probably still fail to 
be an efficient means of control, because, from the very nature of its 
parasitic habits, it is bound to he pani the weevil both in the point 
of numbers and in the time of its activity. While such parasites 
might serve to decrease the numbers of the weevil, every larva that 
_ becomes parasitized has already done its damage to a square. 

In spite of the present unpromising outlook for the discovery of 
valuable parasites of the weevil, every effort to find such should be 
made. While earnestly hoping that effective parasites may yet be 
discovered or developed, it is folly for planters to neglect or delay the 
adoption of those methods of decreasing weevil injury which have 
already proven to be both practical and effective. 


PREDATORY ENEMIES. 


INSECTS. 
NATIVE ANTS. 


Insects which prey upon the boll weevil appear to be even fewer in 
number of species than are those which are parasitic upon it. The 
principal enemies of this class are ants, and where common these preb- 
ably destroy more immature weevils than do the parasites. The first 
attempt to make practical use of ants in controlling the boll weevil 
was made by Mr. A. F. Rangel, who is connected with the Comisién 
de Parasitologia Agricola of the Mexican Government. In 1901 this 
investigator was informed by Mr. D. Juan José Rodriguez, who 
resides in the vicinity of Ciudad Porfirio Diaz, in the northern portion 
of Mexico, that an ant which prevented the development of the boll 
weevil had been discovered in that vicinity. It was thought at the 
time that as colonies of ants may be easily transported from place to 
place it might be possible to make extensive use of them. The field 
which seemed to have been protected by the ants had an area of several 
acres. 

A number of colonies of this ant, which was determined by Prof. 
W.M. Wheeler as Formica fusca Hine perpilosa, were transported 
a distance of some miles to San Carlos, where an attempt was made to 
establish them in cotton fields. It was found a comparatively simple 
matter to transport the ants in a device very similar to that subse- 
quently used by Mr. O. F. Cook in the introduction of Hctatomma 
tuberculatum. Although the introduction of the ants to the cotton 
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fields seemed to be successful, the irrigation of the plants necessary 
in that climate resulted in the eventual destruction of the colonies, 
consequently no practical results followed the experiments. Some 
notes regarding this matter will be found in bulletin of the Comisién 
de Parasitologia Agricola, vol. 1, No. 7, p. 252, and in vol. 1, No. 9, 
op. £04. : | 

Ants are frequently to be found in squares on the ground in the act 
of destroying larve or more often pup. Occasionally they have been 
found entering infested bolls which are yet hanging upon the plants 
- and destroying the pupe, which had become exposed by the premature 
cracking open of their cells. In some cases they have been known to 
destroy young adults which had emerged but not become fully hardened. 
Several species of ants are concerned in this good work. The most 
active is a small red ant, Solenopsis geminata Fab. (fig. 8). Another 
species belonging to the genus Myrmica also does considerable good. 

In a number of cases various species of 
native ants have been observed in the act 
of carrying off the bodies of weevils which 
had died in the field. This has led numer- 
ous observers to suppose that the ants were 
killing the weevils; such, however, does 
not seem to be the case, except possibly 
in very rare instances. The principal at- 
tack of the native Texas ants is directed 
against the immature stages of the weevil, 
and by destroying these they undoubtedly 
accomplish a great deal of good. 


GUATEMALAN ANT. 


In April, 1904, there was discovered in _Fi. 8.—Solenopsis geminata Fab., | 
Guatemala a species of ant (Zctatomma jnecatoneinsl). 
tuberculatum Ol.) which seemed to exert a 
controlling influence upon the multiplication of the weevil by killing 
and carrying off the adults. This ant is called by the natives the 
‘‘kelep,” or cotton-protecting ant. Its habitat ranges between the 
northern countries of South America and through Central America 
as far north as central Mexico. The discovery that this species is an 
enemy of the boll weevil was made by Mr. O. F. Cook, botanist in 
charge of Investigations in Tropical Agriculture, Bureau of Plant 
-. Industry. ¢ 

Early in July Mr. Cook arrived in Texas with 89 colonies of these 
ants, including about 4,000 individuals. These colonies were dis- 
tributed among various typical localities in Texas, and observations 
_ have since been carried on under the immediate direction of Mr. Cook. 
An account of the introduction of these ants, and some general 


a@U.S. Department of Agriculture, Report No. 78, May 27, 1904. 
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observations relating to them, has been published as Bulletin No. 49 
of the Bureau of Entomology. A more extended account, containing 


the result of the studies thus far made, is now in process of publica-_ 


tion, and will be found in a fonliseomminte bulletin of this Bureau. 

It should be stated that the work with this promising enemy of the 
weevil is yet only in the experimental stage. Two eritically impor- 
tant questions which have yet to be answered are whether the keleps 
will survive the winter climate of Texas, and, if so, whether they can 
be obtained or propagated in sufficient numbers to serve the practical 
purpose for which they have been introduced. 

An experience of at least one or two years will be required to deter- 
mine what practical value this southern enemy of the weevil may have 
under the very different conditions of growth and cultivation of cotton 
as found in the United States. | 


MANTIDS. 


Occasionally there may be seen upon cotton plants specimens of a 
mantis, or ‘‘ devil horse,” as it is more commonly called. One species 
only, Stagmomantis limbata Habn., has been carefully tested for its 
ability to destroy weevils. A male of this species was confined ina 


breeding cage and supplied with a number of adult weevils. Several 


times it was seen to seize a weevil and attempt to eat it, but being 
unable to break through the hard chitinous plates which so closely 
cover the weevil’s body, it gave up the attempt and let the weevil go 
unharmed. Although kept for some time with weevils in its cage, it 
never fed upon them, but starved to death in their presence. With the 
female of this species the case is quite different. Several of these have 
been confined in cages and supplied with an abundance of weevils. 
They seemed to be more powerful than the males, breaking through 
the weevil’s skeleton with apparent ease. On several occasions speci- 
“mens were found to eat eight or ten weevilsa day. During the period 
of observation two of the mantids deposited eggs. In an average of 
18.6 days, for 5 females of this species, they destroyed 3.4 weevils per 
day each; no other food was provided. The total average fer each 
female was 63 weevils. As these insects become quite abundant upon 
cotton late in the season, they doubtless sueceed in destroying quite a 
large number of weevils, but it is too late in the season for their work 
to have any practical effect. upon an abundance of the weevils. 

Some species of Mantispa are also capable of destroying weevils. 
Though they are quite abundant in a field, the writer has seen but 
one engaged in eating a weevil. 


BIRDS. 


There can be no doubt that birds are exceedingly valuable assistants . 


to man in reducing the numbers of many insect pests. Much has been 
written and said as to their work in destroying the boll weevil. In 
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order to determine to what extent they feed upon the weevil, it has 
been necessary to make an extensive study of the stomach contents of 
a large number and variety of birds. To make the work as successful 
as possible, collections have been made in numerous localities and at 
intervals during two seasons. 

Nearly all of the stomachs of birds shot in cotton fields by agents 
of the Bureau of Entomology during the seasons of 1903 and 1904 
were examined by Mr. E. A. Schwarz, who was assisted in the work 
by Mr. J. C. Crawford. The investigation was conducted primarily 
to ascertain to what extent the birds that frequent cotton fields in Texas 
feed upon the Mexican cotton boll weevil, but while no attempt was 
made to identify the seeds on which these birds largely feed, the insect 
contents of each stomach were determined by Mr. Schwarz as fully 
as the minuteness of the fragments would allow. The complete results 
of these examinations would form a contribution of no inconsiderable 
importance to our knowledge of the food habits of these birds, and 
should, by all means, be published at some time. The following 
results refer only to the cotton boll weevil and are as stated by Mr. 
Schwarz: 

- The stomachs submitted came from the following localities: 

Three hundred and forty stomachs obtained at Calvert between 
September 1 and December 10. These with few exceptions are those 
of turtle dove and quail. 

One hundred and twenty-four stomachs of quail from Franklin, 
Robertson County, November 22 to November 26, 1904. 

Five hundred and sixteen stomachs obtained at Victoria, represent- 
ing 17 species of birds. Of these, 100 were obtained during the last 
week of February, 7 during June, 3 during July, 26 during August, 
and 380 between September and December. 

The birds obtained in February plainly showed that they were fol- 
lowing the plowmen through the cotton fields, because at this season 
the stomachs contain an element not found in any other season, namely, 
the white grubs (larve of Lachnosterna). That so few birds were 
obtained in the months from March to August is explained by the 
following, written by Mr. J. C. Crawford: 

Summer collecting shows the futility of depending on birds for keeping the weevil 
in check, for almost no birds are seen in the cotton fields during the early summer 
months, the individuals being exceptionally rare. Mr. Harris reports that for entire 
days he saw no birds in the cotton fields. 

Arranging the birds according to the number of stomachs available, 
we arrive at the following results: 

Mourning dove, ‘‘turtle dove’ (Zenaidura macroura), 225 stomachs.—No insect 
remains whatever found; stomach contents consisted entirely of seeds and pebbles. 
(Several hundred more stomachs of the same birds shot in Texas have not been 


examined, as the result obtained from the examination of the 225 stomachs seemed 
to be conclusive. ) 
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Meadowlark, =‘‘field lark’’ (Sturnella magna), 153 stomachs.—Ot these, 4 were 
without insect r remains, whereas 149 contained insect remains, as well as seeds and 
pebbles. Of the latter number, 2 contained exclusively insects, while in the remain- 
ing 147 stomachs the proportion of insect food to seed food could not be expressed 
in figures, the insect food constituting a mere fraction of 1 per cent. Of these 149 
stomachs, 23 contained cotton boll weevil (including two doubtful determinations). 
One among them contained 2 specimens of a boll weevil and one 3 specimens. In 
ali the stomachs of this bird examined there were found 26 specimens of boll weevil. 

Bobwhite, ‘‘quail’’? (Colinus virginianus texanus), 87 stomachs.—Of these, 44 con- 
tained insect remains with seeds and pebbles and 43 were without insect remains, 
but with seeds and pebbles. No Anthonomus grandis was found in any of these 
stomachs, 

Cowbird (Molothrus ater), 31 stomachs.—Of these, 20 contained insect remains with 
seeds and pebbles; 11 were without insect remains, but with seeds and pebbles; 4 of 
these stomachs contained each 1 cotton boll weevil. 

Great-tailed grackle, ‘‘jackdaw’’ (Megaquiscalus major macrourus), 12 stomachs.—Of 
these, 10 contained insect remains with seeds and pebbles; 2 were without insect 
remains, having only seeds and pebbles; 2 stomachs contained each 1 boll weevil. 

Mockingbird (Mimus polyglottos-leucopterus), 17 stomachs.—All contained insect 
remains—1l exclusively insects—1 almost exclusively so. Three stomachs contained 
each 1 Anthonomus grandis. 

 Brewer’s blackbird (Euphagus cyanocephalus), 10 stomachs.—All contained insect 
remains with seeds and gravel. One stomach contained 5 specimens of the cotton 
boll weevil, another contained 3 specimens, while 3 stomachs contained each 1 spec- 
imen of the boll weevil. In all, 11 specimens of cotton boll weevil had been eaten 
by 10 specimens of this bird. 

Blue-gray gnatcatcher (Polioptila cxrulea), 7 stomachs.—Food consisted exclusively 
of insects, but all of them of the most minute size. No boll weevils among them, 
because it is evidently too large an insect. 

White-rumped shrike, ‘‘butcher bird’’ (Lanius ludovicianus excubitorides), 7 stom- 
achs.—All contained insect remains and seeds. One stomach contained:1 boll 
weevil; another contained 4 specimens of boll weevil. 

Western lark sparrow ( Chondestes grammacus strigatus), 4 stomachs.—Three contained 
insect remains, but no boll weevils among them; 1 had no insect remains—only seeds. 

Red-winged blackbird, ‘‘blackbird,’’ ‘‘redwing’’ (Agelaius pheniceus), 5 stomachs.— 
Four stomachs contained insect remains, but no boll weevil; 1 stomach without insect 
remains—only seeds and sand. . 

Baltimore oriole (Icterus galbula), 3 stomachs.—All contained insect remains, but 
only 1 Anthonomus grandis. 

Killdeer plover, ‘‘killdee’’ (Oxyechus vociferus), 2 stomachs.—Almost exclusively 
insect food. One stomach contained 3 specimens of boll weevil. 

Phebe, ‘‘phebe bird’? (Sayornis phebe), 2 stomachs.—Mostly insect food. One 
stomach contained 1 boll weevil. 

Vesper sparrow, ‘‘grass sparrow’’ (Poccetes gramineus), 2 stomachs.—Both contained 
insects, but no Anthonomus grandis. 

Scissor-tailed flycatcher (Muscivora forficata), 1 stomach.—Contained almost exclu- 
sively insect remains, among them 1 boll weevil. 

Dickeissel (Spiza americana), 1 stomach.—Contained only a few seeds and 1 speci- 
men of Anthonomus grandis. 


While it is of little economic importance for these birds, so far as 
they have insectivorous habits, to eat cotton boll weevils in the fall of 
the year when this insect is by far the commonest species to be found 
in the cotton field, it becomes quite important to tabulate those birds 
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that have eaten cotton boll weevils in the early part of the season, and 
here it is to be regretted that the number of stomachs at our disposal is 
sosmall. Ifthe collecting of bird’s stomachs should be continued, par- 
ticular attention should be paid to the birds frequenting the cotton 
fields at any other season than autumn. There is given below a list of 
the birds shot during February that had eaten Anthonomus grandis, 
probably during the season when the weevils were in their winter 
quarters. As already stated, those birds were mostly shot while 
plowing was being carried on, and it may be inferred, therefore, that 
the birds picked up the weevils from the ground where, even for the 
most expert entomologist, it is next to impossible to find them. 


List of birds shot during February that had eaten boll weevils. 


One cowbird, shot February 24, 1904, contained in his stomach 1 boll weevil. 

Two jackdaws, shot on February 24, 1904, contained in their stomachs each 1 
Anthonomus grandis. © 

Two mocking birds, shot on February 24, 1904, each contained 1 Anthonomus 
grandis. 

One Brewer’s blackbird, shot February 25, 1904, contained 5 boll weevils and 
nothing else. 

One Brewer’s blackbird, shot February 24, 1904, contained 3 boll weevils and some 
seeds. 

One Brewer’s blackbird, shot February 24, 1904, contained 1 boll weevil. 

One killdeer plover, shot February 24, 1904, contained 1 boll weevil. 


All those birds shot in February came from Victoria, Tex. There 
is one element of uncertainty in the matter which, atone can 
not be eliminated—in all instances where remains of cotton boll weevils 
were found in the stomachs of birds the remains were found in the 
most fragmentary condition, and with the exception of a few instances 
the determinations had to be made from the front thighs and tibie. 
In three or four instances, which have been referred to above as 
doubtful determinations, the determination was made either from the 
tibia alone or from minute fragments of the elytra. Now, as is known 
to be the case with fragments of a similar nature possessing spines, 
teeth, or claws, such fragments are liable to remain attached to the 
stomachs of birds for weeks or months. Therefore, if the front 
thighs of an Anthonomus grandis were found in a bird shot during 
February, it is by no means certain that the bird had eaten the boll 
weevil in the same month, but it is possible that the fragment has 
remained in the stomach since the fall of the previous year. 

_ Asawhole, the result of this investigation is not especially encourag- 
ing. Sixteen species of birds,? all more or less insectivorous in their 
feeding habits, were found to have eaten only a total of 58 specimens 
of the boll weevil, as proven by the careful examination of nearly 400 
stomachs, 


.@The turtle dove, which seems to be the most common bird in the Texas cotton 
fields during the fall of the year, is not an insectivorous bird. 
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ARTIFICIAL CONTROL. 
EFFECT OF BURYING SQUARES AND WEEVILS. 


EFFECT UPON PUPATION AND ESCAPE OF ADULTS IN DRY SOIL. 


Lhe experiments made upon this point were designed to ascertain 
the value, if any, in the plowing under of squares as a means of 
destroying the larve and pupe infesting them. But few experiments. 
seemed necessary to demonstrate the futility of this operation alone as 
a means of controlling the weevil. . 

Squares which were known to be infested with about half-grown 
larvee were placed in glass jars and covered with several inches of 
quite dry and fairly well-pulverized earth. When examination was 
made it was found that pupation had taken place normally while the 
squares were buried under from 2 to 5 inches of dirt. In no case was 
pupation prevented, though a few weevils did not leave the squares — 
after having become adult. Altogether about 100 squares were thus 
buried, and from them over 75 weevils emerged. 

In a portion of the preceding tests careful examination was made 
to ascertain how far toward the surface the newly emerged weevils © 
had succeeded in getting before they perished. It should be noted 
that these weevils had never fed, and they would have, therefore, less 
strength and endurance than such fully hardened adults as might be 
buried in the ordinary processes of field cultivation. Furthermore, 
the soil used was of finer texture and more compactly settled than it 
would be in the field. Twenty-seven weevils were found in this exam- 
ination, their location varying from the bottom of the jar to their 
having escaped through 4 inches of soil. A weighted average shows, 
however, that each weevil had made its way upward through 2 inches 
of dirt. We may infer, therefore, that had these squares been buried 
under Jess than 2 eee of fairly well-pulverized earth, as would be 
the case from field cultivation, but a snall percentage of them would 
have failed to make their way out. As it was, fully three-fourths of 
those leaving the squares made their way out through more than 2 
inches of dirt. 


EFFECT OF BURYING IN WET SOIL. 


In a series of experiments in which 342 squares were buried under 
wet soil at various depths subsequent examination showed that 37.7 
per cent contained no weevils at the time of burying. Among 139 
squares removed at varying intervals for examination, 13.7 per cent of 
the inclcsed stages were found to be dead: Among 74 squares left until 
after maturity should have been reached, 16.2 per cent of the inclosed 
stages were dead. Of the weevils becoming adult, 30.6 per cent 
emerged from the squares, but only 23 per cent reached the surface or 


155 


escaped, from an average depth of soil of Linch. Taking all stages 
of the weevil together, 35.2 per cent died without escaping from the 
soil. 

The conditions prevailing in these tests were much more severe than 
they could be made in the field, since cultivation can be practiced only 
after the soil has become comparatively dry. Under field conditions 
burying of squares and adults would be deepest when the soil is quite 
dry and well pulverized. These conditions have been found quite 
favorable to the eseape of the adults. Observations made in the field 
have shown that under the most: favorable conditions by the ordinary 
methods of cultivation weevils and squares upon the surface of the 
ground will be buried hardly deeper than { inch. 

In 1896 Mr. C. L. Marlatt noted that “‘the weevils can eseape from 
loose soil when buried to a depth of 3 inches, but when artificially 
embedded 8 inches in moist soil they are unable to extricate themselves, 
as shown by test experiment.” 


BURYING WEEVILS IN AUTUMN. 


Among 100 weevils buried on or after November 23, 1903, under 
from 2 to 6 inches of soil containing from 9 to 19 per cent of water, 
only six weevils succeeded in reaching the surface. Four of those 
escaping, and one which was still buried in the earth, were found to be 
alive when examination was made on March 16,1904. All the remain- 
ing weevils appeared to have died where they were buried. Those 
escaping had made their way out through 2 inches of soil containing 
about 9 per cent of water. The greatly increased effectiveness of 
burying under fall conditions is apparent from these results. 


CONCLUSION. 


The suggestion has frequently been made that the plowing under of 
squares and weevils during the ordinary work of cultivation of the 
crop will effect their destruction. This has been shown to have but a 
limited effect in that direction. This is not at all the fundamental idea 
in the recommendation which is made by the Bureau of Entomology 
for thorough cultivation of the crop. The present indication is that 
the beneficial effect of thorough cultivation lies in the direct influence 
which that practice exerts upon the steady and rapid growth of the 
cotton by favoring the production of squares, the formation of bolls, 
and the early maturity of the crop, rather than by the destruction of 
the weevils by burying them while in tne squares or after they have 
become adult. It is fairly open to question whether the burying of 
squares early in the season is not of sufficient advantage to the weevils 
im the squares at that period to offset any mortality which might be 
produced by the practice. 
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INSECTICIDES. 


From the very beginning of the laboratory work on the boll weevil 
much attention has been given to vesting the most promising insecti- 
cides. As one result of the offer of a $50,000 prize by the State of 
Texas for an efficient remedy for the boll weevil, a very large number 
of supposed remedies have been proposed. Doubile the inventors 
have been perfectly sincere in their faith in the efficiency of these 
compounds. As was fully anticipated by the entomologists when the 
prize was offered, the commission charged with awarding the prize 
has been Baleeed with applications therefor, the claims, in a large 
majority of cases, being based upon some concoction supposed by the 
inventor to possess marvelous insecticidal properties. In compara- 
tively few cases had the new product been tested in any way. Often 
samples were sent with the request that tests be made. Many of these 
inventions found their way to the boll weevil laboratory at Victoria, 
where it has been the uniform policy to give every such thing a fair 
test and report the results to the originator. Tests were made in the 
field upon weevils confined by cages (Pl. X XI, fig. 86). This work has 
required a great deal of time, and the results have failed to indicate a 
single new compound having real value. Many of the substances 
tried had absolutely no effect on either plant or insect life, while others 
were equally fatal to both wherever they came in contact with them. 
The primary difficulty with all such insecticides lies in the fact that, 
owing to the peculiar habits and life history of the weevil, the poison 
can not be so applied as to reach the immature stages at all, and it can 
not reach the adults so as to cause sufficient mortality to result in any 
considerable benefit to the crop. 

The most promising and, as it has been found also, the most efficient 
of all the insecticides tested was Paris green. Much work has been 
done in thoroughly testing the effect of this poison. The most impor- 
tant results of this work have already been published in Farmers’ 
Bulletin No. 211 of this Department, and need not be restated here. 
The conclusion based upon these results is that the beneficial effect 
resulting from applications of Paris green is rarely sufficient to repay 
the expense of the treatment. It has been found that a small per- - 
centage of weevils can be killed, but under general field conditions the 
benefit, if any, is too slight to justify a recommendation for the use of © 
the poison. 

Among 40 other compounds tested, none proved worthy of even 
passing consideration for field use. Asa fumigant for seed, among the 
eight gases or vapors tested (Pl. X XI, figs. 87 and 88), carbon bisulphid 
was found to possess considerable value when applied in the special 
manner described under topic ‘‘Treatment of seed for shipment,” 
on p. 126. 
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FIELD AND LABORATORY EXPERIMENTS WITH INSECTICIDES. 


Fig. 86, Cage work in testing insecticides with weevils in field; fig. 87, experimental apparatus 
for testing effect of hydrocyanic acid gas upon weevil stages exposed and in squares; fig. 88. 
experimental apparatus used in determining effect of formaldehyde vapor upon weevil stages 
exposed and in squares (original). 
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WEEVILS KILLED IN GIN MACHINERY. 


Fig. 89, Remains of weevils killed in passing through gin; fig. 90, remains of weevils killed in 
passing through main fan at ginnery—enlarged three diameters (original). 


PLATE XXIII. 
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GIN TESTS. COTTON GROWN BY CULTURAL METHODS. 


Fig. 91, Testing passage of weevils through gin: a, Seed collection; b, mote collection; 
fig. 92, gin breast opened, showing spaces through which weevils pass with seed; fig. 
93, cotton field yielding one bale per acre, grown by cultural methods in weevil ter- 


ritory—(original). 
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MACHINES. 
FOR FIELD USE. 


Many attempts have been made to perfect a machine that will assist 
In the warfare against the weevil. They have been designed to poison 
the insects, to jar them and infested squares from the plant, and to 
collect them, to pick the fallen squares from the ground, to kill by 
fumigation, and to burn all infested material on the ground. The 
Bureau of Entomology has carefully investigated the merits of repre- 
_ sentatives of all of these classes, beginning in 1895 with a square-col- 
lecting machine that had attracted considerable local attention in 
Bee County. Up to the present time none of these devices has been 
found to be practicable or to offer any definite hope of being even- 
tually successful. At one time there was some hope that a machine 
designed to pick the squares from the ground by suction might be 
perfected. The experiments, however, have indicated probably in- 
surmountable difficulties; and an implement concern, after having 
experimented with the matter fully, and after having expended over 
$5,000, has come to the conclusion that mechanical difficulties will 
always prevent the perfection of such a machine. If it were not pos- 
sible to raise cotton profitably without the use of a machine, the situ- 
ation would be changed materially; but since it is possible to produce 
the staple without the use of any other means than those which enter 
into cotton culture everywhere, there seems no hope for these machines. 

Many of these machines have been constructed and tested under 
field conditions. In these tests the machines have invariably failed to 
come up to the hopes and claims of the inventors. In the compara: 
tively few cases in which any degree of efficiency has been shown, it 
has been so small as not to justify the expenditure of time and money 
required. From the tests made, it may be said that no machine has 
yet shown sufiicient efficiency to justify its general use. 

The ultimate test with all methods or devices for controlling the 
weevil is to prove through a series of seasons, and under a large variety 
of conditions, that by their use there is produced an increase in the 
crop treated or protected of sufficient value to more than repay the 
expenses of the treatment or protection. As a general rule where 
poisons have been applied or machines used, planters have provided 
no check upon the results obtained, and have kept no close records as 
_to the expense involved and net gain or loss resulting from the treat- 
ment. The result of such applications is, therefore, merely a general 
impression of gain or loss which may not agree at all with the facts. 
Other factors than poison applications, or the use of machines, may 
have operated to produce apparent gains in the crop, and unless these 
are taken into consideration the conclusions drawn from the work are 
likely to be worthless. | 
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GINNING MACHINERY. 


The most important results of studies upon this class of machinery 
were presented in Farmers’ Bulletin No. 209, of this Department. 
By means of a number of experiments it was positively determined 
that all weevils passing through the main fan in a pneumatic elevator 
system would be killed by striking against the blades of the rapidly 
revolving fan (Pl. X XH, fig. 90). Modern cleaner feeders were found 
to be quite efficient in separating the weevils from the seed cotton, as 
they removed fully 70 per cent of the weevils passing into them. Of 
the weevils remeved, over 80 per cent were still alive when taken from 
the trash. This fact shows the necessity for the use of some addi- 
tional device which will erush or otherwise destroy all weevils taken 
from the cotton by the cleaner feeder. 

For the weevils escaping the action of the cleaner feeder and pass- 
ing into the gimning breast with the roll there are two avenues of 
escape(PI. XXIII, figs. 91 and 92); one with the seed, the other with 
the motes. In these two ways it appears that over 85 per cent of the 
weevils passing imto the gin breast eseape alive, while about 15 per 
cent of them are killed by the saws (Pl. XXII, fig. 89). From these 
facets it is evident that some way should be provided of properly ecar- 
ing for the motes so as to confine the weevils which are thrown out 
among them, and secure their destruction with these removed by the 
cleaner feeder. Some method should also be devised for separating 
from the seed the weevils that pass the saws, before they reach the 
seed house or the farmers’ seed bins. 

When we consider the important effect. that gins have been found 
to have in spreading the weevil, especially near the border line of 
infestation, it appears eudeddinghy desirable that improvements in gin 
machinery should be made in the followimg particulars: 

First. The area and distance through which the action of the picker 
roll in the cleaner feeder is continued should be considerably increased, 
compression rollers or some other device being employed to destroy 
the weevils separated by the cleaner. 

Second. Some method should be devised for keeping under control 
the weevils escaping alive with the motes, as under present conditions 
they have free range through the ginnery. ) 

Third. Possibly the most important of the devices naadee is an 
apparatus which may be applied near the gin (possibly as the seeds 
leave the gin breast and drop inte the seed chute), by which the weevils 
may be separated from the seed and brought under ecntrol, so that 
they may be destroyed. 

With these improvements the oil mills would almost cease to be a 
factor in the dissemination of weevils, and the movement of seed, either 
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for planting, stock feeding, or for fertilizer, would practically cease 
to be the important factor in the spread of the weevil which it is at 
present. 


FUTILE METHODS FREQUENTLY SUGGESTED. 
MINERAL PAINT AND COTTON-SEED MEAL. 


_ The very serious nature of the boll weevil problem is constantly 
illustrated by the manner in which various useless devices and nos- 
trums are brought to public attention. At one time it was widely 
spread about that mineral paint would act as a specific against the 
weevil. An equally fallacious theory that also received considerable 
popular attention was to the effect that cotton-seed meal exerted a 
powerful attraction for the pest. 


SPRAYING. 


Probably the most important useless recommendation has been that 
of spraying. It was supposed for some time by certain parties that it 
might be possible to poison weevils economically by attracting them 
to some sweetened preparation. The experiments detailed on pages 70 
to 74 of this bulletin regarding the attraction of various sweetened 
substances demonstrate the fallacy of the theory. Even if these sub- 
stanees exerted as much attraction as was supposed, there would be 
insurmountable difficulties in the application of the method in the 
field. Except in special cases spraying of a field crop has never been 
a success, and, unless entirely new methods are eventually perfected, 
never will be of any practical importance. It is true that it is possi- 
ble to destroy a certain number of weevils in regions where seppa 
cotton occurs by heavily spraying the earliest plants, but this method 
1s of immeasurably less importance than the simple practice of cultural 
methods. , 

SULPHUR. 


The old idea, the fallacy of which has been explained repeatedly 
by economic entomologists for the past fifty years, namely, that sul- 
phur can be forced into the system of the plants to make them 
immune to insect attack, sometimes crops out with reference to the 
boll weevil. It is needless to state that the method is entirely useless. 
Sulphur is not soluble either in water or in acids. It is, consequently, 
impossible to cause it to be incorporated in plants as sulphur. In 
chemical combinations in which it might be incorporated into the 
plants it would probably not have especial insecticidal properties. 


PARIS GREEN. 


Undoubtedly the most important fallacy regarding a remedy for the 
boll weevil was that which received so much attention during the sea- 
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son of 1904, namely, that Paris green is a specific for the pest. The 
urgent demand for a specific was evidenced by the very extensive use 
of this substance. A portion of the great attention that it received 
publicly was due to the fact that early in the season a certain num- 
ber of weevils may be killed by it. Applications made by spraying 
are even less effective than dusting with the dry Paris green. As 
was pointed out in a bulletin (Farmers’ Bulletin No. 211), which goes 
fully into the whole matter of the use of Paris green, it was explained 
that the number so destroyed in the spring really means nothing 
whatever to the crop later in the season when the plants have put on 
squares and the poison is no longer effective. 


TRAPPING AT LIGHT. 


There is still in many quarters in Texas and Louisiana the sup- 
position that it is possible to attract the boll weevil to lights. A 
number of machines have been constructed based upon this idea. 
Whether or not the boll weevil can be attracted to lights was one 
of the first matters that was investigated by entomologists. During 
September, 1897, Mr. J. D. Mitchell, of Victoria, Tex., a natu- 
ralist and cotton planter, set out trap lanterns in a cotton field in 
Victoria for one night, and sent the insects captured to this Bureau 
for examination. In all, 24,492 specimens were taken, representing, 
_ approximately, 328 species. Divided according to habit, whether 
injurious or beneficial, the result was: Injurious species, 138,113 speci- 
mens; beneficial species, 8,262 specimens; of a negative character, 
8,117. The interesting point in connection with this experiment was 
the fact that not a single specimen of the boll weevil was found, 
although the lights were placed in the midst of fields where the insects 
were very abundant. _ Since that time other investigators have looked 
into this matter more fully. Lights have been kept burning in cotton 
fields night after night for several weeks. In no case has a single 
specimen of the boll weevil been discovered, although thousands of 
species of insects have been captured. 

The popular misapprehension about the possibility of capturing the 
boll weevil at lights is due to the fact that somewhat similar insects 
(Balaninus victoriensis) and other acorn weevils differ from the boll 
weevil in that lights exert a strong attraction for them. During occa- 
sional seasons the acorn weevils are exceedingly common in Texas, 
and great numbers of them fly to the electric lights. 


REASONS FOR ADVANTAGE OF CULTURAL METHODS. 


The difficulties in the way of controlling the boll weevil lie both in 
its habits and manner of work and also in the peculiar industrial condi- 
tions involved in the production of the staple in the Southern States. 
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The facts that in all stages except the imago the weevil lives withir 
the fruit of the plant, well protected from any poisons that might be 
applied, and in that stage takes food normally only by inserting its 
snout within the substance of the plant; that it is remarkably free 
from parasites or diseases; that it frequently requires but 14 days for 
development from egg to adult, and the progeny ofa single pair in @ 
season may exceed 12,000,000 individuals; that it adapts itself to 
climatic conditions to the extent that the egg stage alone in Novem- 
ber may occupy as much time as all the immature stages together ir 
July or August, are factors that combine to make it one of the most: 
- difficult insects to control. It is, consequently, natural that all the 
investigations of the Bureau of Entomology have pointed toward 
the prime importance of cultural methods of controlling the pest.. 
All other methods must involve some direct financial outlay for 
material or machinery, and are consequently not in accord with 
labor conditions involved in cotton production in the United States. 
Moreover, the cultural methods are in keeping with the general tend- 
ency of cotton culture; that is, to procure an early crop, and at the 
same time have the great advantage of avoiding damage by a large 
number of other destructive insects, especially the bollworm.¢ Never- 
theless, it must not be understood that attention has not been paid 
to the investigation of means looking toward the extermination of 
the pest. Asa matter of fact, every suggestion, from the possibility 
of breeding resistant varieties to the use of electricity in destroying 
the weevil, has been fully investigated. The results have all beer 
negative. 


CULTURAL METHOD. 


As has been pointed out by Dr. L. O. Howard, successful methods 
of combating injurious insects may be classified into three categories: 
(1) The propagation of parasites; (2) expedients in managing the crop 
that have a tendency toward mitigating damage; (8) direct means, 
such as sprays. Of course the first method is, in many respects, the 
most effective, although it can not be expected to be applied toa great 
number of pests. The second method is undoubtedly more effective 
than the third, because it does not involve the use of special machinery 
or any materials that are not in use upon every farm. In the cultural 
method of avoiding damage by the boll weevil, it is considered that 
a fairly effective remedy has been discovered. In some respects the 
term cultural method is misleading. It is frequently used simply in 
the sense of careful and persistent cultivation of the crop. However, 
the term includes the various modifications of the cropping systemy 


@See Farmers’ Bul. No. 212 and Bureau of Entomology Bull. No. 50, the Boll- 
worm. 
16780—No. 51—05——11 
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which have been suggested by the study of the life history of the pest 
as useful in avoiding damage. Consequently the cultural system is 
not altogether a system of the proper cultivation of cotton, but a 
system of the proper cultivation of cotton to mitigate the damage by 
the pest. Necessarily it implies a thorough preparation of the soil 
and a strict attention to all the details of cultivation. 

The cultural method begins with reducing the numbers of the pest in 
the fall by the destruction of the plants as soon as it becomes apparent 
that no more cotton is to be produced. The enormous importance of 
this procedure is shown by the fact already stated (p. 106) that the 
late issuing weevils are the ones which successfully hibernate. Fur- — 
ther strong reasons are given on pages 120 and 121, under the sections 
‘* Relations of weevils to top crop” and ‘‘Some reasons for the early 
destruction of stalks.” Hosts of weevils may thus be killed, a very 
small percentage surviving the winter, and in the same operation the 
ground is better prepared for planting the following season. A large 
proportion of the weevils thus destroyed would otherwise pass through 
the winter successfully and increase the damage to the planted cotton 
the following season. Wherever the cotton is allowed to stand in the 
fields in the hope that a top crop may be produced, opportunities are 
furnished for the development of a very large number of weevils (PI. 
XVIII, figs. 76 and 77). As explained before in this bulletin, the pos- 
sibility of a top crop has always been exceedingly remote. Wherever 
the weevil exists it is not a possibility at all. The method of fall 
destruction only involves applying labor that is necessary in any case 
in preparing the land for planting a few months earlier than is the 
normal practice among cotton planters. It has been the custom to 
leave the land uncleared until shortly before planting time in the 
spring. Now, however, this clearing process is necessary as the last 
step in the production of the preceding crop. This method, as a mat- 
ter of fact, is the only practicable strictly remedial method that has 
been devised. 

The complete details regarding the fall destruction of the plants 
will be found in Circular 56 of this Bureau. | 

The remaining portion of the cultural method consists in furthering 
the advantage gained by fall destruction by bending every effort 
toward obtaining a crop that will mature before the weevils have had 
an opportunity to do considerable damage. The most important fac- 
tors in obtaining an early crop are early planting, selection of a 
rapidly growing variety, fertilization, and thorough cultivation. The 
success of the planter will be in direct proportion to the extent to 
which he is able to combine these essentials. Early planting of early 
varieties will be found to be of comparatively little avail unless fol- 
lowed by thorough cultivation, and in case of unavoidably delayed 
planting the best hope of the planter will be in persistent cultivation. 
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As the details of the cultural method have been dealt with fully in 
the Farmers’ Bulletins of this Department, and as the basis for them 
in the habits of the weevil was fully explained in the preceding pages, 
it is unnecessary in this connection to more than summarize them: 

(1) Fall destruction. 

(2) Early planting of rapidly maturing varieties. 

(3) Wide spacing, which, besides favoring rapid maturity of the 
plant, also acts as a remedial measure by allowing the sun to reach 
the ground, causing the drying up of the squares in which the larve 
occur. 

(4) Thorough cultivation. 

(5). Fertilization with commercial preparations containing high per- 
centage of phosphoric acid. © 

In addition to this general system that is applicable to all cotton 
plantations, favorable labor conditions sometimes make it feasible to 
pick the infested squares by hand. Nothing could be more out of 
place than to suggest hand picking upon large plantations. Even 
with convict labor it has been found entirely impracticable. But, 
nevertheless, where a planter has only a few acres of cotton and there 
is an abundance of cheap labor, the method has been found very 
effective. 


LEGISLATION NEEDED. 


The above-mentioned essential points in controlling the boll weevil 
have generally become common knowledge. Their efficacy has been 
demonstrated by the Department of Agriculture as well as by many 
planters. Nevertheless, it must be stated that in many quarters there 
is a tendency toward adhering to the old methods of raising cotton, 
which, with the weevil present, can not be effective. In view of this 
fact it seems to the writer that the most important step to be taken in 
the boll weevil fight is to pass State laws regulating the application of 
what is now known about controlling the pest. In Louisiana there is 
already an excellent law on this subject. In Texas there should be a 
similar provision, and the best that States about to be invaded can do 
will be to enact similar legislation, which will provide machinery for 
the enforcement at the earliest possible moment of those measures 

which have proven most effective in controlling this pest. 
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This bibliography includes only the more important writings which 
have been published in permanent form. It does not include the many 
hundreds of titles of articles published in newspapers and in popular 
magazines. In the preliminary numbers of this bibliography a special 
synopsis is given of the contents of publications, more particularly to 
outline the history of the cultural method now recognized as of 
supreme importance in the control of the boll weevil. No attempt is 
made to give a synopsis of the later titles. 
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pp. 232-238. | 

The original description of Anthonomus grandis. 


1871. Surrrian, E.—Verzeichniss der von Dr. Gundlach auf der 
Insel Cuba gesammeiten Riisselkéfer. Archiv f. Naturg., 
XXXVII, Jahrg. 13, pt. 1, pp. 130-181. 


Contains the record of a specimen from Cardenas and one from San Cristo- 
bal, in Cuba. 
1885. Ritey, C. V.—Report of the Commissioner of Agriculture f. 
1885, pz 279. 


Contains the sentence ‘‘Another very large species, A. grandis Boh., we have 
reared at this Department from dwarfed cotton bolls sent from northern Mexico 
by Dr. Edward Palmer.’’ This is the first published record of the food plant 
and method of injury of the species. 

1891. Dietz, W. G.—Revision of the Genera and Species of Antho- 
nomini inhabiting North America. Trans. Am. Ent. Soe., 
Vol. XVUI, p.°205. 


The species is here reported from Texas. It has been shown, however, 
that this was an error. See Insect Life, Vol. VII, p. 273. 


1894. Howarp, L. O.—A new Cotton Insect in Texas. Insect Life, 
Nol NAL, p. 213. 


The first authentic account of the occurrence of the species in the United 
States, and some statements regarding its life history. 


1895. Howarp, L. O.—The New Cotton-boll Weevil. Insect Life, 
Vol. VAL, pi23ite 7 


Regarding the importance of the pest and the investigation started by the 
sending of Mr. C. H. T. Townsend to Texas in December, 1894. 


1895. Townsenp, C. H. T.—Report on the Mexican Cotton-boll Weevil 
in Texas (Anthonomus grandis Boh.). Insect Life, Vol. VII, 
No. 4, pp. 295-309, figs. 30, 31. March. 
An important preliminary paper giving valuable data on life history and 
habits, an account of its spread from Mexico to Texas, and its extent in Texas 


at that time. In the consideration of remedies are suggested the cutting and 
burning over of the cotton fields in winter, the abandonment of cotton growing 
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over the region then infested, and the maintenance of a wide zone free from 
cotton along the lower Rio Grande bordering Mexico, with other suggestions 
of less practical value. This report was submitted December 20, 1894. 


1895. Howarp, L. O.—The Mexican Cotton-boil Weevil. Circular 
7 No. 6 (second series), Div. Ent., U. 8S. Dept. Agric., pp. 5, 
fies. 1-3, April. 

This circular gives the results, substantially, of Mr. Townsend’s field inves- 
tigations of the insect in Mexico and Texas. It is pointed out that time has 
not offered opportunity to conduct extensive tests with remedies, and the sug- 
gestions made in this direction are largely from the theoretical side. The 
impracticability of the use of poisons is shown, and the collection and destruc- 
tion of infested bolls and rotation of crops are suggested. English and Spanish 
editions were issued. 


1895. Rios, J. R.—-Aparicion del ‘‘ Picudo” en la Laguna. El Pro- 
greso de Mexico, August 15, 1895. 


1896. Howarp, L. O.—The Mexican Cotton-boll Weevil. Circular 
No. 14 (second series), Div. Ent., U. S. Dept. Agric., pp. 8, 
figs. 1-5. 

While styled a revision of Circular No. 6, Circular No. 14 contains a large 
amount of additional information relative to distribution, natural history and 
habits, and natural enemies and parasites, now worked out with substantial 
accuracy, incorporating the results of field studies by E. A. Schwarz, Mr. 
Townsend, and the author of the circular. Under the head of remedies is 
the first suggestion of the great importance of the cultural method of control, 
and especially the early fall destruction of the cotton plants, together with the 
recommendation of early planting and clean cultivation. Trapping late 
beetles in fall and over-wintered beetles in early spring are advised, together 
with the destruction of volunteer plants, the region infested up to this time 
being fairly within the range of volunteer or seppa cotton. 

1897. Howarp, L. O.—The Mexican Cotton-boll Weevil. Circular 
No. 18 (second series), Div. Ent., U. S. Dept. Agric., Pe 8, 
figs. 1-5. 

This circular repeats substantially the information conveyed in Circular 14, 
brings the data on distribution and other features down to date, and in the 
matter of remedies incorporates the results of field studies in Texas by Mr. 
C. L. Marlatt on food habits and poisoning, and indicates the supreme impor- 
tance of the cultural method of control, all other steps being merely palliative 
or to offset the failure to adopt this method. Issued in sear Spanish, and 
German editions. 


1897. Rios, J. R.—Aparicion del ‘‘ Picudo” en la ore El Pro- 
greso de Mexico, Vol. IV, pp. 811-813. 

A reprint of an article in the same journal for August 15, 1895. 

1897. Junta de Defensa Contra el ‘‘Picudo.” Editorial, Kl Progreso 
de Mexico, Vol. V, pp. 8-9, Octobre 8. 

1897. El Picudo (Anthonomus grandis Boh.) Editorial, Documentos 
referentes a su Existencia en Mexico y a su Invasion in los 
Estados Unidos del Norte. Mexico, Oficina Tip. de la Secre- 
taria de Fomento, pp. 100, figs. 1-5. 
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Consists of a few letters from Mexican cotton planters and translations of 


some of the publications of the Division of Entomology. 


1897. BaLesrrier, L. px.—Las Medias precautorias contra las Plagas - 


que asolan a la Agricultura. . El Progreso de Mexico, Vol. IV, 
pp. 575-576, May 22. | 

The. author urges the necessity of some definite action. . 

(1897. Howarp, L. O.—The Mexican Cotton-boll Weevil in 1897. Cir- 
cular oe 27 (second series), Diy. Ent., U. 5. Dept. Agric., 
pp. 7. 

This circular records more particularly the further spread of the weevil, and 


repeats the suggestions relative to the cultural method of control from Circular 
18, which method is urged as a practically complete remedy for the insect. 


1897. Howarp, L. O.—Insects Affecting the Cotton Plant. Farmers’ 
Bulletin No. 47, U.S. Dept. Agriculture, pp. 16-23, figs. 7-11. 


Reprinted from Bulletin 33, Office of Experiment Stations, U. S. Dept. 


Agric., pp. 317-350. Repeats substantially the information and advice given . 


in Circular 27. 


1898. Howarp, L. O.—Remedial Work against the Mexican Cotton- 
boll Weevil. Circular No. 33 (second series), Div. Ent., U.S. 

Dept. Agric., pp. 6. 
This is a supplementary circular giving the results of some experiments with 


poisons by Mr. Marlatt and Mr. Townsend. The cultural system of control 
is, however, again insisted upon. 


1901. Rancer, A. F.—Estudios preliminares acerca del Picudo del 
le don (Insanthonomus grandis I. C. Cu.) Boletin de la 
Comision de Parasitologia Agricola, I, No. 3, pp. 93-104, Pl. 
IX, and figure. 

Deals with 45 experiments regarding destruction by means of hot air, hot 
water, steam, haplaphyton, and arsenic. 

1901. Marry, F. W.—A Preliminary Report of Progress of an Inves- 
tigation concerning the Life History, Habits, Injuries, and 
Methods for destroying the Mexican Cope: boll Weevil 
(Anthonomous (sic) grandis). Authorized by Special Act of 
the Twenty-sixth Legislature of Texas, pp. 1-30, supplement 
pp. 385-45. 

1901. Marry, F. W.—The Mexican Cotton-boll Weevil. Farmers’ 
Bulletin, U. S. Dept. Agric., No. 130, pp. 30, figs. 1-4. 

A reprint, with minor corrections, of the preceding, excepting the supple- 
ment. Contains much new yaluable information, but in the subject of reme- 
dies represents Mr. Mally’s own point of view and not the advice of the 


Bureau current at the same time. Nevertheless the cultural method is again 
given the greatest prominence. 


1901. Ranern, A. F.—Segundo Informe acerca del Picudo del Algodon 
(Insanthonomus grandis I. C. Cu.). Boletin de la Comision 
de Parasitologia Agricola, I, No. 5, pp. 171-176. } 


et. 


1901. 


1901. 


1901. 


1902. 


1902. 


1902. 


1902. 


1902. 


1908. 


1908. 
- 19038. 


1908. 
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Rance, A. F.—Tercer Informe acerca del Picudo de! Algodon. 
Boletin de la Comision de Parasitologia Agricola, Mexico, 
Vol. I, No. 6, pp. 197-206. 


Rancer, A. F.—Cuarto Informe acerca ae Picudo del Algodon 
Be ythonomus grandis I. C. Cu.). Boletin de la Ghanian de 
. Parasitologia Agricola, I, No. 7, pp. 245-261, Pls. XVI, XXIII. 


Rance, A. F.—Quinto Informe acerca del Picudo del Algodon. 
Boletin de la Comision de Parasitologia Agricola, Mexico, 
Vol 1, No. 8, pp. 302-317. 


Asumrap, W. H.—A new Bruchophagus from Mexico. Psyche, 
IX, p. 324, March. 
Contains the description of Bruchophagus herrerx n. sp., a parasite of Antho- 
nomus grandis, from Coahuila, Mexico. | 
Rance, A. F.—Sexto Informe acerca del Picudo del Algodon. 
Boletin de la Comision de Parasitologia Agricola, Mexico, 
Vol. I, No. 9, pp. 403-407. 


Hupson, E. H.—The Mexican Boll Weevil. (Anthonomus 
grandis). Farm and Ranch (Texas), Feb. 1, 1902, p. 13, figs. 


Hountrr, W. D.—The Present Status of the Mexican Cotton- 
boll Weevil in the United States. Yearbook U. 5S. Dept. 
Agric. f. 1901, pp. 369-380, 1 fig. 

In this publication the cultural method of control is substantially the only 
method recommended, augmented by the suggestion of securing northern seed 
and early maturing varieties to hasten the crop production; also suggests the 
wide spacing of rows to secure the same end. 

Maury, F. W.—Report on the Boll Weevil. Pp. 70, figs. 3. 
Austin, State Printer. 


Hunter, W. D.—Methods of controlling the Boll Weevil (ad- 
vice based on the work of 1902). Farmers’ Bull. No. 168, 
U.S. Dept. Agric., pp. 16, figs. 2. January. 

The recommendations as to the steps of the cultural method are repeated in 

this publication, with the added suggestion of thorough cultivation and 
thinning of plants in the rows as well as wide spacing to hasten maturity. 

Barrepa, L. de la.—El Picudo en San Pedro de Ja Colonia. 
Boletin de la Comision de Parasitologia Agricola, Mexico, 
Vol. IJ, No. 2, pp. 45-58. 


Sanperson, E. D.—The Mexican Boll Weevil. Cire. 1, Ent. 
Dept. Tex. Agric. Exp. Sta. Press Notes, Vol. V, No. 3, pp. 
8, figs. 4. February. 

Kall the Boll Weevil. How to Grow Cotton in the Weevil Dis- 
trict. History of the Pest, its Habits, and the Remedies 
Plainly Disclosed. Pp. 8, figs. 4. Published by the Executive 
Committee of the Texas Boll Weevil Convention. 


1903. 


1908. 


19038. 


1903. 


1903. 


1903. 


1903. 


1903. 


1904. 


1904. 


1904. 


1904. 


1904. 


1904. 
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Campion, G. C.—Biologia Centrali-Americana, Coleopt., Vol. 
LV, pt. 4, p. 186, Lea hess 5 San Aor: 


Save the Cotton Crop. Testimony of Cotton Growers on Boll 
Weevil. How to Insure the Cotton Crop in the Weevil 
District. Pp. 16; published by the Executive Committee of 
the Texas Boll Weev il Convention, Bull. No. 2, May. Also 
published in German under the title, ‘‘ Rettet die Baumwolle,” 
and in Bohemian under the title, ‘‘ Zachrafite bavinu.” 


SanpERson, E. D.—How to Combat the Mexican Cotton-boll 
Weevil in Summer and Fall. Cire. 4, Ent. Dept. Tex. Agric. 
Exp. Sta. Press Notes, Vol. V, No. 1, pp. 4. August 10. 


Improved Cotton Seed for Texas Planting. Published by the 
Executive Committee of the Texas Boll Weevil Convention, 
pp- 82. Bull. 4, Nov. 9; revised Nov. 17. 


Morean, H. A.—The Mexican Cotton-boll Weevil. Circular ~ 
No. 1, La. Agric. Exp. Sta., pp. 10, figs. 3, map 1. November. 


Wixson, JAMES.—Report of the Secretary of Agriculture, 1903. 
Pp. 102-106 under heading, ‘‘Crisis in Cotton Production,” 
deals with the Boll Weevil problem. December. 


ConNELL, J. H.—Proceedings of the Second Annual Session 
Texas Catton Growers’ Convention, yeaa Tex: “Ppa; 
many illustrations. December. 


Proceedings of the Boll Weevil Convention called by Governor 
W. W. Heard in New Orleans, La., November 30 and Decem- 
ber 1. Issued by Louisiana Bae of Agriculture and 
Immigration. 


Scorr, M. C.—What Class will be Hurt by the Boll Weevil. 
Farm and Ranch, Jan. 30, p. 13. 


Merriam, F. J.—Fertilizer as a Preventive of the Boll Weevil. 
Farm and Ranch, Feb. 6, p. 3. 


Herrick, G. W.—The Mexican Cotton Boll Weevil. Circ. No. 
17, Miss. Agric. Exp. Sta., pp. 7, figs. 2. February. 


Hunter, W. D.—Information Concerning the Mexican Cotton 
Boll Weevil. Farmers’ Bull. No. 189, U.S. Dept. Agric., pp. 
1-81, figs. 1-8. February. Reprint in part in Farm and 
Ranch Cotton Supplement, May 28, p. 21. 


SanpErson, E. D.—The Cotton Boll Weevil in Texas. Cire. 
No. 8, Entom. Dept. Texas Agric. Exp. Sta., pp. 14, figs. 6.. 
Apr. 15. 


Boll Weevil in North Texas. Editorial, Farm and Ranch, Apr. 
234° Dui 


1904. 


1904. 
1904. 
1904. 
1904. 
1904. 
1904. 
1904. 


1904. 


1904. 
1904. 
1904. 
1904. 
1904. 
1904. 
1904. 
1904. 


1904. 
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Hunter, W. D. ican Cotton Boll Weevil 
in the United States in 1903. Yearbook U.S. Dept. Agric. f. 
1903, pp. 205-214, Pls. XVII, XVIII, XIX, XX, XX1, figs. 
10, maps 1. 


Poison Campaign against Weevil in 1901. Editorial, Farm and 
Ranch, Apr. 30, p. 8. 


The New Boil Weevil Facts. Editorial, Farm and Ranch, Apr. 
30, p. 8. 

Louisiana Weevil War. Editorial, Farm and Ranch, May 7, 
Dp. 16. 


Morean, H. A.—The Mexican Boll Weevil. Farm and Ranch, 
May ‘7, p. 16. 

Enormous Boll Weevil Loss. Editorial, Farm and Ranch, 
May 14, p. 8. 

ConneELL, J. H.—Cotton Boll Weevil as Affecting the Financial 
Interests of Texas. Farm and Ranch, May 14, p. 16. 

Atlanta Weevil Campaign. Editorial, Farm and Ranch, May 
i oe 

Hunter, W. D., and Hinpns, W. E.—The Mexican Cotton Boll 
Weevil. Bul. No. 45, Division of Entomology, U. S. Dept. 
Agric., pp. 1-116, Pls. I-X VI, figs. 1-6. May 19. 

Weevil in East Texas. Editorial, Farm and Ranch, May 21, 
Dt. 

Where the Weevilis Not. Editorial, Farm and Ranch, May 21, 
p: 8. 

Coox, O. F.—An Enemy of the Cotton Boll Weevil. U.S. 
Dept. Agric. Report No. 78, pp. 7. Issued May 27. 


CONNELL, J. H.—New Boll Weevil Facts. Farm and Ranch 
Cotton Supplement, May 28, p. 23. 


Travis, P. C.—Effect of the Boll Weevil. Farm and Ranch 
Cotton Supplement, May 28, p. 28. : 


Morean, H. A.—The Mexican Cotton Boll Weevil. Crop Pest 
Comm. of La., Circ. No. 1, pp. 16, figs. 3. June 1. 


Hunter, W. D.—Ants and the Boll Weevil. Farm and Ranch, 
dune sli. p. 16. 


Hunter, W. D.—Government Experiments with Paris Green. 
Farm and Ranch, June 11, p. 17. 


How the Boll Weevil Spreads. Editorial, Farm and Ranch, 
July 2, p. 8. 


1904. 


1904, 


1904. 


1904. 
1904. 
1904. 


1904. 


1904. 
1904. 
1904. 


1904. 


1904. 
1904. 


1904. 


1904. 
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The Weevil-Eating Ants. Editorial, Farm and Be J uly 16, 


p. 8. 
Coox, O. F.—Report on the Habits of the Kelep, or Guate- 


ua Cotten Boll Weevil Ant. Bureau of Entomology, Bul.. 


No. 49, pp. 15, July 26. 


Hunter, W. D.—Map showing the Distribution of the Cotton 
Boll Weevil in Texas and Louisiana. Weather Bureau, Texas 
Section No. 19. July 19. Reprint in Farm and Ranch, July 
30; p. 9. 


Spying out the Boll Weevil. Editorial, Farm and Ranch, July 
ou, Pp. 6. 


Hunter, W. D.—Spread of the Boll Weevil. Weather Bureau, 
Texas Section No. 24. August 23. 


Wiicox, E. M.—The Mexican Cotton Boll Weevil. Bul. No. 
129, Ala. Agric. Exp. Sta., pp. 91-104, figs. 1-4. August. 


Hunter, W. D.—Map showing the Distribution of the Cotton 
Boll Weevil in Texas and Louisiana. Weather Bureau. Texas 
Section No. 25. Aug. 30. 


Boll Weevils ee in North Texas. Editorial, Farm and 
Ranch, Sept. 3, p. 8. | 


Hunter, W. D.—-Boll Weevils in Harrison Cote F arm and 
Ranch, Sept. 3, p- 17. 


Hunter, W. D.—Eastern Quarantine against Texas Farm Prod- 
ucts Modified. Farm and Ranch, Sept. 10, p. 3. 


Hunter, W. D.—Controlling the Boll Weevil in Cotton Seed 
and at Ginneries. Farmers’ Bul. No. 209, U.S. Dept. Agric., 
pp. 31, fig. 1. Sept.16. Reprint in part in Farm and Ranéh, 
Oeta8 pads: 


Texas Boll Weevil Legislation. Editorial, Farm and Ranch, 
Sept: 17, p. 8. 


The Northernmost Limit of Boll Weevils. Editorial, Farm and 
Ranch, Sept. 17, p. 17. 


Hunter, W. D.—Distribution of the Cotton Boll Weevil in 
Louisiana. Weather Bureau, Louisiana Section, Special Cot- 
ton Boll Weevil Bulletin No. 1. Sept. 29. 


SanpERSON, E. D.—Insects Mistaken for the Mexican Cotton 
Boll W ae Bul. No. 74, Tex. Agric. Exp. Sta., pp. 12 
figs. 13. September. 
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1904. 


1904. 
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1904. 


1904. 
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1904. 


1904. 


1904. 
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Newest, Witmon.—-The Mexican Cotton Boll Weevil. Bul. 
No. 12, Georgia State Board of Entomology, pp. 29, figs. 21. 
September. 


Waueerer, W. M.—On the Pupation of Ants and the Feasibility 
of Establishing the Guatemalan Kelep or Cotton Weevil Ant 
in the United States. Science, N. S., Vol. XX, No. 509, p. 
437. Sept. 30. 


Boll Weevil Infestation In Lamar County. Editorial, Farm 
and Ranch, Oct. 1, p. 8. 


Restricting the Boll Weevil. Editorial, Farm and Ranch, 
Oct. 8, p. 8. 


SanpeEeRsoN, EK. D.—The Fall Campaign Against the Boll Wee- 
vil. Farm and Ranch, Oct. 8, pp. 16-17. 


Hunter, W. D.—The Most Important Step in the Cultural Sys- 
tem of Controlling the Boll Weevil. Circular, Bureau of 
Entomology, U.S. Dept. Agric. No. 56, pp. 6. Oct. 10. 


Barnss, §. K.—Failures and Successes with Boll Weevil. Farm 
and Ranch, Oct. 22, p. 3. ; 


Hunter, W. D.—Distribution of the Cotton Boll Weevil in 
Louisiana. Weather Bureau, Louisiana Section, Special Cot- 
ton Boll Weevil Bulletin No. 2. Oct. 29. Reprint in Farm 
and Ranch, Novy. 12, p. 17. 


. Hunter, W. D.—Map showing the Distribution of the Cotton 


Boll Weevil in Texas. Weather Bureau, Texas Section, No. 
34. Noy. 1. Reprint in Farm and Ranch, Nov. 12, p. 7. 


. Morritt, A. W.-—Meeting of the Official Entomologists of the 


Cotton Belt. Entomological News, Nov. 


. Coox, O. F.—Prof. William Morton Wheeler on the Kelep. 


Science, N. S., Vol. XX, No. 514, p. 611. Nov. 4 


. WEIS, Sim and Russ, 5. E.—Report on Probable Effect of Boll 


Weevil on leases and Mississippi Crops. Farm and 
Ranch, Nov. 12, p. 8. 


Coox, O. F.—Evolution of Weevil Resistance in Cotton. Sci- 
ence,.N. S., Vol. XX, No. 516, p. 666.. Nov..18. 


WuerEter, W. M.—Some further Comments on the Guatemalan 
Boll Weevil Ant. Science, N. S., Vol. XX, No. 518, p. 766. 
Dee. 2. 


Hunter, W. D.—The Use of Paris Green in Controlling the 
Cotton Boll Weevil. Farmers’ Bul. No. 211, U. 8S. Dept. 
merce ne. 211, pp..23. Dec. 5. 


1904. 


1904. 


1904. 


1904. 


1905. 


1905. 
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Weevil Problem Not Solved. Editorial, Farm and Ranch, 
Dee. 20, pee: 


ConngeLL, J. H.—Is There No Remedy? Farm and Ranch, 
Deen iiissp:8:- 


Morean, H. A.—Checking Spread of the Boll Wee in Louse 
ana. Farm and Ranch, Dec. 24, p. 3. 


Proceedings of the Second Annual Meeting Louisiana Boll Wee- 
vil Convention, held at Shreveport, La., Nov. 3 and 4, 1904. 
Issued by the State Board of Agriculture and Immigration. 


SHERMAN, FRANKLIN, Jr.—The Cotton Boll Weevil. . Ent. Cir- 
cular No. 14, N. C. Dept. Agric., pp. 11, figs. 5. Jan. 20 


Hunter, W. D.—The Control of the Boll Weevil, including 
Results of Recent Investigations. Farmers’ Bul. 216, U.S. 
Dept. Agric., pp. 32, figs. 1-5. March. 
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Mockingbird. See Mimus polyglottos-leucopterus. 

Molothrus ater (cowbird), occasionally picks up weevils -..---.-.--.--- 152, 153 


Mourning dove. See Zenaidura macroura. 
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Quail (bobwhite). See Colinus virginianus texanus. 
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Turtle dove. See Zenaidura macroura. 
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Machines for field use imefficient .-.- 2... 3... 5222-12272 ee 157 
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Cleaner feeder quite efficient-.=.22...-2..2-.22t... -=-2 eee 158 

Fan destroys all weevils passing Into if: .. 2-222 2255.25 booee eee 158 
Gin'saws kill but few of fhe weevils. ......-.22.-. s/23. 2 158 
Improvements suggested <o. - ooo S ab ewc toa oo 158 

Oil mills depend upon: control, at einneries ._......-.- 5.22 se see 158-159 
Reasons for advantage:of cultural methods... .--..-- 4222.22.35 160-161 
Commolcnatorale: Joc. lee lh cee eo es ee ee ee 132-153 


Activity (feeding and oviposition), thermal influence upon. See Thermal 
influence upon activity and development. 


Climate, probable influence in regions not now infested.-..-..-.------ 140-143 
Climatic conditions, influence upon weevil. See Climatic control. 
Climiatic- control .2 22 ae ae oe ee 134-143 


Development, thermal cee upon. See Thermal influence upon 
activity and development. 


Diseases caused by bacteria. and funnel»... .i.. 5. 0.2.4. 4o- 45-2 eee 143-144 
Floating ofaweewila:.. soc ci ee es ee 139-140 
Floods, effect upon weevils 1m fields. 2... 2otee ee bol 138-139 
Gelatin ‘effect. ces 2s Sl. SS ee ee ee ee 133 
Gelatin formation. See Proliferation, effect in bolls and squares. 

Gelatin formation in Dolls: 2s... face eee pee ee ee 133-134 
Gelatin. formation -in squares... (66a. 22. 0222 5 doe aes come ae ee ‘134 


Gelatinization cae ot ee ea Sl cae "2 13a 


Control, natural—Continued. ; Page. 
MuPeneEreemiteraimer: sD i i ell ee he .--. 132-134 
Movement of weevils, thermal influence upon. See Thermal influence 

upon locomotive activity. 
Overflows. See Floods. 


Peeastes, pred irom infested squares .. 2.22... 22-062 se eons wean 144-148 
iracon dorsaia, occasionally attacks: weevil 2:2 .22.2.2.-.-.-2-.. 2.5. 146 
Bracon mellitor, most common parasite of boll weevil...-.....-..-.-. 145 
Bruchophagus herrerx, bred from weevils in Mexico...--.-..-----.-- 146 
Catolaccus incertus, probably primary parasite of weevil ..-----.---.. 145 
Chalcis coloradensis, probably from lepidopterous larvee...-.........- 145 
Hapedmus spp., probably some -dipterous host. _.-.-..-..---+-.-..-. 145 
Eurytoma tylodermatis, possibly from weevil larva_..........-.--.-.- 146 
Furyioma sp., probably some dipterous host... --.......-----.------ 145 
Goniozus platynotx, probably some lepidopterous host ..-...--..--.-- 145 
Odencyrtus sp., probably from lepidopterous eggs......--..----- pis at Tee 
Pediculoides ventricosus, most common on wasp larvee.........----- 146-147 
Sigalphus curculionis, primary parasite of weevil .............----.-- 145 

 Urosigalphus robustus, probably primary parasite of weevil_....-....- 146 

ReueenE EES Gio n= 22 eh hod a See et Sake 144-146 .- 

Pilosity of plant obstructing weevil movement .............-.-.-..--.-- 132-133 

Rem pM ay Boia ee SE elo ee awd 148-153 
Pier inase cine WOll) weed. noel Sot oo el kee eek eee 148-150 
ease tae relation to boll weevil... .....-. 2... +..---2...s-8 150-153 
Ectatomma tuberculatum, enemy of boll weevil _.---....-.-.------- 149-150 
Formica fusca perpilosa, attacking weevil in Mexico......-.------- 148-149 


Guatemalan ant. See Ectatomma tuberculatum. 
Kelep. See Ectatomma tuberculatum. 
Mantids. See Stagmomantis limbata. 


Ma epiisp. Ceyournne WeeVUs. 5-2 .5..0.242.5.0s beeen 150 
Nemiwe ants as) Cnemies Of weevil. . 220. 22-22... 2. ee ee lk tk. 148-149 
Solenopsis geminata, most important of native ants..............--.--.- 149 
Stagmomantis limbata, devouring weevils.............-..------------ 150 
ipromeeraion, eitect in bolls: and squares 222224222. 0.225... 4. 2222<- 133 
Rains, effect upon development of weevils.........-..2---.-.--..----- 137-138 
BemeEcence oF weevils, cliect Of. 2.25250.) o22 oleh elo. eats. e 139-140 
Temperature endured by larve in squares exposed to sun --.-.-.------ 135-136 
Temperature endured by weevil stages in winter -...........-.....--- 136-137 
Thermal influence upon activity and development..................-- 98-100 
Thermal influence upon locomotive activity .......-.-.--.---- A Ae Si 101-102 
Wer wsuper. clipet tipor hibernawon | 2ors2 2 ee ek ee Vd cece 138 


Cotton production. See under General considerations. 

Cotton-seed meal for weevils. See under Life history; Food habits. 

Damage done by weevil. See General considerations; Destructiveness. 

Description of adult. See under Life history; Adult. 

Destruction of stalks. See Control, artificial; Cultural method, and under 

Seasonal history. 

Diseases of weevils. See under Control, natural. 

Vaeecmnanen on spreading of weevils... 55....:5.-s..2+--+-2------+-5L2e 123-132 
net a eres arising 1m So ket ee eek 123-127 
Border line, gin agency at. See Gin agency at border line. 
Cotton-seed shipment. See Shipment of seed cotton and cotton seed. 

Duration of life, weevils buried among grains. See Weevils buried among 
grains, duration of life. 
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Dissemination or spreading of weevils—Continued. : Page. 
Gin agency at: border line, spreading weevils .-........._12_ + eee 124-125 
Ginneries spreading weevils. See Gin agency at border line. 

Grain shipments transporting weevils. See Weevils buried among grains. 


Natural agencies. ...-...-.--.-..-..22- 2222552222022 5 eee es a 
Floods:spreading weevils ..-. 2.2. si2.255.-oe ee eee 118 
Migration of -weevilst..0 0-2 bf ee ee Ue eS 128-132 

Defoliation of plants, effect upon weevil movement ~......- Des ght 


Effect of leafworm work on weevil movement. See Defoliation 
of plants, effect upon weevil movement. 
Winds carrying weevils. 2-2 afl. lib... eee 127, 128 
Seed cotton shipments. See Shipments of seed ection aud cotton seed. 
Seed for shipment, treatment of. See Treatment of seed for shipment. 
Seed houses, weevils in. See Weevils in seed houses. 


Shipments of seed cotton and cotton seed carrying weevils .-.-......-.-- 125 
treatment of seed for shipment .2S5 02252) 232122. ee eee Sees = 126 AeT 
Weevils buried among grains, duration of life..........-..-- ORR ape ‘oe a ee 
Weevils in seed houses, occurrence of. 22.2 /.--....-. 2. 22... 2 eee 124 


Distribution of boll weevil. See under General considerations. 
Enemies. See under Control, natural; Parasites; Predatory enemies. 
Falling squares. See under Life history; Oviposition. 

Flaring squares. See under Life history; Oviposition. 

Flight of weevils. See under Dissemination; Migration. 


Floods' spreading weevils i... 2222020. 2 2 Poe i eee 127, 128 

Gelatin. See under Control, natural. | 

General considerations 2.2% 126 0 212 tence b i ee eee 17-30 
Cotton: production.in north Texas 2. .o i222. 2222.2 252 2. eee 23 
Cotton production in Texas and Louisiana 222.) - 20222222 eee 24-25 
Destructivencss’ sel es cb sete cece eee ore nk ee eee 2. See 21-25 
Distribution of boll weevil .5.022.c202.. 2.2. iS eS eS 27 
USbORY Soo se he ae re oe ae ES ee 17-21 
Preface, with acknowledgements .. 2.222.002.2021: 5 eee 13-15 
Prospects as to future spread and injury = 2.52.2 2222222 ee --- 28-30 
Territory aliected at close of 1904-..0.7 0-2 ..0.- 7.25.2 eee 26 


Generations. See under Life history; Development. 
Gins. See under Dissemination; also Control, artificial; Machines. 


Hehothis obsoteta, the; bollwerm: ..22 2. Ses. ve 2 rs Le 7 

Hibernation. See under Seasonal history. 

identifying the-boll weevil:...2.--25-:.-.0-. Mil. S ieee 41 

Insecticides. See under Control, artificial. 

Insects mistaken for the boll weevil -..... 22222. 222 2 822 eee 66-68 
Acalles nobilis, attacks prickly: pear... 7.222... 22.) 0-2 67 
Acalles turbidus, attacks prickly pear: .. 2222222 222-2 52.6 2-2 ee 3 67 
Acorn weevils. See Balaninus, 3 spp. 

Anthonomus enceovinctus _. 22 2.2. b2n- 2 Dee 2 Soe ee eee 67 
Anthonomus albopilosis. 22. UD a esa. a ee eee 67 
Anthonomus pomorum, attacks apple......2-2-2- 3-2- 222252.) eee 93 
Anthonomus scutellaris, attacksapples ©. . 22322 2229522252222 eee 67 
Anthonomus signatus, attacks various flower buds>_222 9-)..-2-=-- 22 -eneee 67 
Anthribus cornutus, attacks stems of cotton ...- 222225. 5272222 a 67 
Apple weevil. See Anthonomus scutelaris. 

Arxcerus fasciculaius, attacks decayime polis: 225.26. aeee sae Reese se 67 
Ataxia crypta, attacks cotton stems ..--.-- Job le es SER SSS 67 


Balaninus nasicus,; attacks acorns. 22-2. 25-2 ae eee 67 
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Insects mistaken for the boll weevil—Continued. Page- 
MEE ereecteateks ACOFNS oS. fo Lescol etl ee leon bots eoee ees 67 
omens victoriensis, attacks acorns ......-.----+-+--2----s2-sseece ese 67 

* Baris striata, attacks ragweed (Ambrosia) stems .--.-.-.------2-2---+5- 67 
ec wronsversd, attacks cocklebur roots. ..2.-4.2.5-60-22--- ese ah eee 67 
Bloodweed weevil. See Lixus scrobicollis. 
eaavonsTrapidus, sometimes attacks bolls 227.-. 2-22.22. 5-.25.---- 22-252 67 
Carpophilus dimidiatus, attacks decaying bolls......--- Pa aie rig Rae 67 
Canopus hemiupterus, attacks decaying bolls .020.--.... 2. o20---.2 220-2 67 
Cathartus gemellatus, attacks decaying bolls-..--..--- Spa ys eee Sie 67 
Conirimus penicellus, found in various flowers: 22.2... 5.6.c2-22 eee ee fe 67 
Cannes mcumnus, found in various flowers.2.....-5.--. 22.00. ..222-2-. 67 
Mialcaeenus wnreus, attacks pods of cowpeas ..)2- «222-2 oee ee esses 67 
Coffee-bean weevil. See Arecerus fasciculatus. 

Conotrachelus’elegans, sometimes taken on cotton........-..-..----..-.--- 67 
Conotrachelus leucophxatus, attacks careless weed ....-.-------.---------- 67 
Como racnerus\naso, occasionally found on cotton 2422-2. .2224-52 55-5225. 67 
Conorachelus nenuphar, sometimes on cotton ....-.4--255..5.¢..-5 5-2-5 67 


Cotton stainer. See Dysdercus suturellus. 
Cotton-stalk borer. See Ataxia crypta. 
Cowpea-pod weevil. See Chalcodermus xneus. 


Mesmonms consirictus, svtacks suntlowers ...2....s56s-.5sb.. se ceesecseee ce 67 
Desmoris scapalis, attacks broad-leaved gum plant....-..-----2----25.+-- 66, 67 
Mimmonmns muciaus, attacks Willows..0-.<.--2-.-2+-.04ss-0sdse8eeteeess 67 
Wiyaereus sutureius, attacks cotton bolls. -¢.:.2.----2.--+-+----1-+..--6 67 
Miicmes mmoncaus, attacks many plants: ..:2...s-0. ).2-2eseces She ase 67 
Hitec. attacks decaying bolls... 20. scecreso.debleese cece ce skes 67 


False indigo weevil. See Tychius sordidus. 
Flour beetle. See Tribolium ferrugineum. 
Grain beetle. See Cathartus gemellatus. 


lem alodisca triqueira, attacks cotton stems ... 2522.15. S2 2 efecto cse ee ees 67 
Horned stem-borer. See Anthribus cornutus. 
LVons pales attacks stems of conifers. . 4.2.2. .2sss2 2 2gee oe dec cele sok. 67 


Imbricated snout-beetle. See Epicerus imbricatus. 
TIronweed weevil. See Desmoris scapalis. 


Inxus scrobicollis, attacks stems of ragweed (often called bloodweed) ....- 66, 67 
Mexican rose beetle. See Rhynchites mexicanus. 

Monecrepiroatus vespernmus, otten found on cotton... s.-22.6i2..2222. 22-4. 67 
Nettle-stalk weevil. See Trichobaris texana. 

iNgiavus monodon, occasionally found on cotton 222... b..s2. Jecc2) 22822, 67 
CEcanthus niveus, sometimes deposits eggs in cotton stems.......- Seareie ie 67 
Comusapicans, attacks decaying bolle... 22.27. .2hs 02. ketene he Sak 67 
Cicomcopia undata, attacks cotton.stems 2. .-- i. sense eee J 67 
MGenvlOolUs picivorus, Attacks stems Of conifers 2-52.22 24-25-242.2225-2: 67 


Pales weevil. See Hylobius ‘pales. 

Pepper weevil. See Anthonomus eneotinctus. 

iacoocs stro), attacks stems: Ol comiferc s<..2.22.2--55. 00-5 2s25.-+--- 67 
' Plum cureulio. See Conotrachelus nenuphar. 

Prickly pear weevil. See Acalles 2 spp. 

Rapid plant bug. See Culocoris rapidus. 

EM UMCNUCS INCHICMMUS ALACKS TOSCS* 2.05.50. 2 Jeo Se. oh. oe biel eens 67 

Riyssematus palmacollis, occasionally taken on cotton -.....----.-------- 67 

Sharpshooter. See Homalodisca triquetra. 
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Insects mistaken for the boll weevil—Continued. (se Ealepaee ai 
Snowy tree cricket. See Gcanthus niveus. 
Strawberry weevil. See Anthonomus signatus. 

Striped Baris. See Baris striata. : 
Sunflower weevil. See Desmoris constrictus. 

Tobacco stalk weevil. See Trichobaris mucorea. 

Transverse Baris. See Baris transversa. 


Tribolium ferrugineum, attacks cotton seeds... -..--.s2s-22560 fed eee 67 
Trichobaris mucorea, attacks tobacco stalks ......- te coe coe ene 67 
Trichobaris texana, attacks stems of Spanish thistle .....-... --.-s25a5eee 67 
Tychius sordidus, atiacks. buckweed .. 202. ss22 sec see ets oo ee Sd 


Waved sharpshooter. See Oncometopia undata. 

White pine weevil. See Pissodes strobi. 

Willow weevil. See Dorytomus mucidus. 
Legislation. See under Control, artificial. 
Leal area of cotton, increase im 2. calc ode ewe ee oleh eee ee ee 58 
Leafworm. See Alabama argillacea. 3 
Life cycle. See under Life history; Reproduction. 


Euievhistory 3225 32S see Ses oe nas ee jus soe 30-48 
Adult. 0 oka de os 2 keke tin DS ea 39-48 
Before-emergence from square <.i.045 Jicupe 5 csc. - ee ee _ 39 
Cannibalism occasionally noted when without food ........-....-..- 48 
Changes after emergence, in color and hardness ..........---.-.-.-- 40 
Color, variation. in. io. ot ecl cs . eeeeee JU ee 42-43 
Deseription of adult, popular and technical 2.22... 2.2.0 Jee eee 40-41 
Duration otlile ss 22 ue Sea ee aust. 2oae “2os4s Sec 44-48 
Bolle alone'as foodu. .. 2255. s.cbte seen eet. SS 46 
Foliage alone as food... stone ested ssa. as. ce 46 
Squares alone as food’ ce 5. Stes dieu cee ee 44-46 
Without food but with water. ..2.-.2e.2.4 52. 5.0 se 47 
Without food) or water...) 294550 So ese eed ee ee ee Longe 47-48 
With sweetened water as food...2.525-246 .20 2.1 sae ee 47 
Emergence of adults from squares and bolls-.---.--.-...------------. 39-40 
eo, description. of. 5... ssaveasert 2p sse2e- so... Joos 31-34 
Deposited outside, eating of... su. sean os ecees sss. ooo 33-34 
Deposited outside, hatching of oo. .4000 40205. .2 ee +l) eee 
Embryo, development observable '..22.0.0..-025-. so sent eee 31-32 
Hatehing, method.....5...c0s5ecesec eos loaded cu a 33 
Hatehing, percentage of eggs... 2.22055 .45e.24150 0. eee ee 24 
Stage, duration of . -..--,-sscsue wes Jacews eek we 32-33 
Food habits. .005 s sus cede ote co ae oto ae a 48-66 
Adult, female, for food and for eee abot att tak: fice Biya es 52 
Adult, male. 2 oi .3 cae one bees Saeed a ee ee ee ee 51 
Choice, American or Hey ptian squaresjc.c 255 4lseseseses ec eee poee G1-64 
Cotton-seed nieal, is itattractive?.....-- sasosase S425 _2 et ee 68-70 
Field tests prove non-attraéhton s.< .ous escioel.. 2057 eee 69-70 | 
Laboratory tests indicate non-attraction........---.--.-----+-+- 68-69 
Destruction of squares by feedime.:2sescle dose 25. oe 59 
Feeding; destructive power by... (ss sot2velee owe: 2 Se ee ee 61 : 
Feeding, effects upon squares and: bells 2 22022425. 422. - 5.55. 5-Seenee 59-60 : 
Feeding of hibernated weevils on early cotton.......--.-..--------- 52-56 
Food plant, has'the weevil any othert2es. 25.21. Jape sae ee 64-66 
Food plant, susceptibility of various cottons.......--...--..--- een 61-64 


Larvya,: feeding. 6f 20:3 52 .j0 abe eee eee ee epee 49 
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Life history—Continued. Page. 
Food habits—Continued. 
Location of food supply by weevils .......-...-.-- ramps re ees Pd --- 56-57 
meement Eee COLlom ablacked 6 6 o..5 6. a tes ater ncjesweinee meen ses 63, 64 
Molasses, tests for hibernated weevils....-....--...----.- ig ga ere 71-74 
Relative attractiveness, various cottons. ..-.......-.-.-.-- AL i ane 61-64 
Sweetened water on plant, effect upon. feeding of w weevils. mre AE by) B= 7'5) 
eam eee aL BURR ELV CMOS) OE tsp be Sar eS ts e's nse we eis Sec 70-72 
Sweets, possibility of baiting with. .-..-. a a 70-74 
Bebrts, Terening: death <..4425.52.2 5.05- ease ie sin - petlett, OES AS oe 74 
1 RIBS Se SU I ae ee OUD. teehee te eye et OS erattie 04-38 
Cells. See Pupal pail feweda in bolls. 
Mesenipuorm.of larver..22 2.3. .22.cs5 seco. setae ee ree er ae PET ae 34-35 
Duration of stage, range and temperature influence.....---...---- - 36-37 
Growth, with measurements at full size... 2 5.2025 seeks nc 9) 
Length of larval stage. See Duration of larval stage. 
Molnme. deseription of process 6. 24. . 22222 22k enc 8aie oooh ween 30-36 
Molts, number during: larval stage...........2.+-24- PGS Meds ea pee 35 | 
Pupal cells formed in bolls...........--- ee a a <n ea 37 
Rei Geserpior Of molt... 2.22.45 066 1. oo ee see Se ae Wee See 37-38 
OLS ea a ge a Li. 8 play esse LPM Sy is lech <P 47-92 
Aet described -...<: UD SERRE Pie ae eles ea iach Tee OE re | 85. 
Activity in different parts of days ie pe ee es aye pe aa Ske ram 81-83 
ee maU Cpa EIT ee eS oe ee ee DA ce ee ee Cn ee Bia 
MERCI O! OVIPOSIFION: << 2.5. 5.c0 9s Ss das Soper pete 24 aoe es ian es aired .. 89-90 
eM ROM CRATES Ss aps eie eet. re ee ee i ..-.. 89-90 
Flaring of squares .......-- SEs i Ce Ca eee een wg Te oe 89 
Examination of squares before avipositine pm SiN tla ae A led eee 77-78 
Original habit of ovipositing mostly in bolls...-....----..-..-2.---- 90-91 
naruienocenesis, GOesit: GGCUE T=. 2 4 ube ack See asen Swale woke 91-92 
EBL DG CLO NGI SY Ors 1a (O° 5 Pe po eines UME aR pes = I SS es RE 90 
Piee Of OVIPOSITION 2. 5 anand dnd ms oe ack ES oe Su, 22, ee 83 
Position of weevil during act of. .....-....-. eee = a ea .. 83-84 
Rate of oviposition .....-.... jp oth ee nates eee CPi eee 8 ae e . 86-87 
Average 295-5523 ASCO ng rh i es Dye ren ae SASL Se ee eS 86-87 
Hel lseccn tem atge eee egrets MS ge gas Gu ee os 2 ih ats hie 87 
Selecnon ef uniniested squares for £2 622 /o<- cn icin ~ sdienen wasn ne 78-81 
Field observations.-_.....—. - (EE ee Le Ee Mice ee, Oe EY ee 80-81 
BeEMetA Oly OMSe RENO Sk op FAS a Se cece 79 
Stimulated by abundance of squares ... - ts ne Se eo sore ae Sarg 87-88 
ime required im complete seb... 15.4 /samcac scan y~ 44% ens 85-86 
SV aris, Felatiom th OvIpOsttROM oo. avd osc ao ae Go oe Reo 88-89 
LETS, Bi SRM, carn SDA alt Mate obs ae RD cee RR POOR eves OURO etn A Yo 38-39 
DWaration Of Siag@ele.. i .3=ses aden SS yeh ene eg ee see ee ks 38-39 
Relation of size to larval food supply Sala geass Fe en oe 41-42 
Py GLAD NE SST le BO ba one Pe Rear Woods Wieal 74-103 
PuEECAC MON OLEOKeS <0 Los ysis ok wena ace SR aa cohen ee 76 
Coppiztien ace of berinning s 2 64. 1262545.55..-2.225. 2 5e yee ns hee 75 
Copulation, sexual attraction and duration of..............--.- Ree 76 
Dependence of egg production upon food from squares .....---.-- — ELatS 
SCV E 2 TSEET CEO‘ go Uae Ee Ta a PO ee OR 92-103. 
Broods or generations, number annually ............----------- 95-96 
Generations. See Broods or generations. 
invequamed witelnever fall... Soe oe ene ee wee mete. wae rsa | Ea 


Length of life cycle. See Life cycle, period of. 
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Life history—Continued. . > Page, 
Reproduction—Continued. 
Development—Continued. 


Life cycle, period of .......- sen Ce ee 93-95 
Percentage of weevils from infested squares .............2..-:--- 92 
Thermal influence upon development............--------- LS ee 
Fertility, duration of. 2. 2.250205 22. /2222- eee sai eee 76 
Fertilization ..0.224. run eee westliss. 256 75-76 
Generations. See Development; Broods or generations. 
Method of making field observations. =~ ...-.........2. 5.5. 22a 74-75 
Progeny from one pair weevils, annual possibility ...........:....-- 97-98 
DOR! Pte. see esse es ee es ee ee ee ee 43-44 
Not indicated by size or color -.- =: -z.=..5.. 2.3.52. 425 eee 43 
Influence of retarded development upon .......-.- wectes oe 100 
Proportions:of each: 2 22222 22s .<2- S222. eee eee 43-44 
sexual characters,-secondary .- ... 22.2. (4 oS eee eee Data 43 
sizeof weevile-.2 22.2). 2 ee See eee as 41 
Summary,-lie history.:2...2...:225-. 4 se eee 30-31 
Time weevils exist on foliage before formation of squares......-..-..---- 53-54 
Weight of weevils .... 5.2. ..2- 2.2 22se2ti ee eee 42 


Machines. See under Control, artificial; Machines. 

Molasses for weevils. See under Life history; Food habits. 

Multiplication of weevils. See under Life history; Reproduction; Progeny of 
one pair. : 

Oviposition. See under Life history. 

Parasites. See under Control, natural. 


Plants attacked by some inseets mistaken for boll weevil..-.-.-----..--- « oo a OOO 
Amaranthus grxcizans, attacked by ironweed weevil-...-....-...-------- 66, 67 
Amaranthus hybridus, will not sustain boll weevil -.......-- i627 65 
Amaranthus spinosus, will not sustain boll weevil’. -.-2..--:-. > 2s 65 
Ambrosia psilostachya, attacked by bloodweed weevil...--------------- oe Moe 
Argemone alba, attacked by ironweed weevil:.::::-32-.-.-2--- = 66, 67 


Bloodweed. See Ambrosia psilostachya. 
Broad-leaved gum plant. See Grindelia squarrosa. 


Convolvulus repens, will not sustain boll weevils. : 001 65 
Grindelia squarrosa, probably attacked by Desmoris scapalis.......------- 66, 67 
Hehanthus annuus, attacked: by sunflower‘weevil. . +... ..-..42 322 5eeeeeee 65, 67 
Hibiscus esculentus, will not sustain boll weevil..-....-.-.----------2---s 64-65 
Hibiscus manihot, will not:sustain boll weevil .......2...-:).---2 eee 64-65 
Hibiscus moscheutos, will not sustain boll weevil-........-.-.2-22e2e-eeee 64-65 
Hibiscus vesicarius, will not sustain boll weevil..-...-------------------- 64-65 
Kidney cotton, probably original food plant of boll weevil ........-.----- 65 
Prickly poppy. See Argemone alba. | 

Prinopsis ciliata, probably attacked by Desmoris scapalis.....-.------ oS 66 
Ragweed. See Ambrosia psilostachya. 

Sorghum sap nourishing fo boll weévils.2-.:2222. 2.205222 -22- see 65 


Sunflower. See Helianthus annuus. 
Tumble-weed. See Amaranthus grxcizans. 
White prickly poppy. See Argemone alba. 
Proliferation of tissue. See under Control, natural. 
Rains, effect upon weevil. See under Control, natural. 
Reasons for large crop of 1904 :. 2.12.22. 2222222 == <2 = ee ee 23-25 
Remedies. See Control, artificial. 
Reproduction. See under Life history. 
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Attraction to squares, gradual. See Gradual attraction of hibernated 

weevils to squares. 

Concentrating weevils in spring on trap plants....-..............-..--.- 54 

Destruction of stalks, some reasons for early.............-..-----.---- 121-123 
Development during hibernation. Seeunder Hibernation; Gradual devel- 

opment during, in southern Texas. 


Dissemination or artificial spreading of weevils -..---..-----..---.-..-- 123-127 
Seed houses, influence upon dissemination ..............-..-.-.-..- 124 
Distance hibernated weevils fly to food .-----.-.....--.-.-- Aine nee 108-109 


Early destruction of stalks. See Destruction of stalks. 
Fall destruction of stalks. See Destruction of stalks. 


Gradual attraction of hibernated weevils to squares ...--.........----. 109-110 
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- Flying to food, distance. See Distance hibernated weevils fly to food. 
Gradual development during, in southern Texas...............-.- 102-103 
Length of hibernation period. See Hibernation, duration of. 
Percentage of weevils hibernating successfully ..................-.-- 106 
SSAEN ESP RONDO G TOYS AI ane Ae ak, A gO ea lan men Ate or ee 104 


Maximum infestation, effect upon weevil multiplication. See Multiplica- 
tion of weevils.as affected by maximum infestation. 


Movement of hibernated weevils among seppa plants ..............-.- 110-112 
Multiplication of weevils as affected by maximum infestation...........- 119 
ietgowecs Or imiestation through season: . ..2.-. oc... sseas-tecess cece ees 113-116 
Eeppacotton, danger in-allowing it to grow 2....-24.5222.--.2-.255c052 57-58 
Seppa cotton, definition of term ....-...- Nees SP te ago PB 2 Sat et 53 


Shelter sought in hibernation. See Hibernation, shelter sought in. 
Square production. See Weevil injury versus square production. 
Squares attacked but not destroyed, proportion of ....................-. 120 
_ Stubble cotton. See Seppa, definition. 
Stumpage cotton. See Seppa, definition. 
opcLoOp Lelavion: OL WeeVils TOje 2 22. eae. conn ce cee ete eee esses 120-121 
Weevil anyury versusisquare productions: 2.5. 222.o.5. 1282 2420.2 ee5l 116-118 
Seppa, stubble or stumpage cotton. See under Seasonal history; Seppa. 
Spread of weevils. See Dissemination. . 
Swemersence: jenuduranee Of bY WeeVIIS: | s2.2 62.5243 s232 20 oe 5. 2B es os 139-140 
Sunshine, effect upon larvee in squares. See Control, natural; Temperature 
endured by larvee in squares exposed to sun. 
Temperature effects. See under Life history; Development; Thermal influence. 
Trap rows. See under Seasonal history; Concentrating weevils. 
Volunteer cotton. See under Seasonal history; Seppa, definition. 
-Winds carrying weevils. See under Dissemination; Natural agencies. 
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